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INTRODUCTION 
The germinating seed is surrounded by many different factors that can 
enhance or inhibit its development. One such factor is soil fungi. 
Drechslera sorokiniana is capable of causing seed and seedling rot of many 
grasses, including Festuca rubra (17, 24, 26). Although Curvularia 
gen iculata is generally considered to be a saprophyte or in some instances 
a weak primary leaf pathogen (25), it has been shown to inhibit germination 
and development of Triticum and Zoysia species (29, 2). Alternaria alter-
nata is commonly found in soil and seed of many plant species (4, 18), 
but it has not been demonstrated to be pathogenic on grasses . 
Curvularia species are known to be better saprophytic competit6rs 
than is D. sorokiniana (6, 13). Curvularia geniculata is frequently iso-
lated from lesions typical of Q. soro kiniana on Poa pratensis, but I· geni-
culata is thought to be a secondary saprophytic invader in this situation 
(25). The saprophytic growth of~· sorokiniana, I· geniculata, and A. 
alternata have been demonstrated to be inhibited in unsterilized soil com-
pared to sterilized soil (21, 34, 48). 
Nitrogen is known to influence these fungi both~ vitro and in soil. 
Drechslera sorokiniana utilizes ammonium nitrogen better than nitrate 
nitrogen~ vitro (47). Nitrogen applied to soil has increased the sever-
ity of disease caused by D. sorokiniana in certain instances (7, 31, 39). 
Curvularia pallescens favors nitrate nitrogen for growth and sporulation 
(20, 47), but ammonium nitrate results in the best growth~ vitro (43). 
Alternaria alternata (~. tenuis) is better able to utilize ammonium nitro-
gen than nitrates in vitro (38). 
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Drechslera sorokiniana has been shown to be pathogenic to seed of 
Festuca rubra during germination (24). The extent and nature of this 
pathogenicity, however, has not been clearly determined. The pathogenic 
capabilities of I· geniculata and~· alternata on seed of F. rubra are 
unclear at present, but because of the prevalence of these fungi in soils 
and with seed of some plants, further study is warranted. The interactions 
of the strong primary pathogen Q. sorokiniana with the weakly pathogenic 
or saprophytic ~. geniculata and A· alternata are also of interest. The 
effects of soil applied nitrogen on the potential interactions of these 
fungi on seed germination and seedling establishment has not been studied. 
Therefore, the research presented in this paper examines the potential 
pathogenicity of Q. sorokiniana, I· geniculata, and A· alternata; indivi-
dually and in combination on seed germination and seedling establishment 
of F. rubra. The research also examines the effect of soil applied nitro-
gen and soil condition on the potential pathogenicity of these organisms. 
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REVIEW OF LITERATURE 
Pathogenicity of Drechsler~ sorokiniana 
and Drechslera species 
.Q_r~_chslcra_ _snrohnian_a_ (Sacc.) Subram and Jain ( = flelminthosporium 
sorokinianum Sacc. in Sorok. =H. sativum P.K. and B.) is a serious patho-
gen of numerous grass species including Festuca rubra L. and causes leaf 
spot and crown and root rot (17, 24, 26, 32, 40). Drechslera sorokiniana 
(tl. sativum) is distributed world-wide, particularly in temperate climates 
(35). It exists as dormant spores in soil or as spores on crop debris (40). 
Drechslera sorokiniana is the causal organism of root rot of wheat (47). 
Leaf spot of f. rubra and F. rubra L. spp. rubra also is caused by foliar 
infections by Q. sorokiniana (3, 45). 
Drechslera dictyoides and Q. siccans are found associated with seed 
of ryegrass and meadow fescue (50). Drechslera siccans and D. catenaria 
are seed-borne pathogens causing root rot of Lolium sp. arid also are found 
on f. rubra (30, 52). 
The importance of seed-borne Q. sorokiniana on barley was studied by 
Jorgensen (26) relative to discoloration of seedling roots. Up to 4.5% of 
the barley seed examined was conta~inated with Q. sorokiniana and a posi-
tive correlation was established beb1een the percent of seeds with .Q_. soro-
kiniana and the discoloration of seedling roots. The occurrence of D. 
sorokiniana on barley seed only slightly reduced the emergence of the 
seedlings in field tests. However, Q. sorokiniana persisted on the plants 
through the summer. It was concluded that Q. sorokiniana may kill the 
plant at the seedling stage, develop into a chronic disease on the 
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roots, or persist on the plants through the summer as a source of inoculum 
for leaf infection, 
Harding (17) studied the effect of Q. sorokiniana on germination and 
seedling survival of I_rj_t_icu_!_n_ species. Germination \'/as reduced in labora-
tory tests, but not in field tests. It was suggested that the toxin 
Helminthosporal (In) could reduce germination. 
Drechslera sorokiniana causes seedling rot of many grass species, in-
eluding f. !_U~_9__ (24). Hodges and \·Jatschke (24) studied the pathogenicity 
of soil-borne D. sorokiniana on F. rubra. Seed inoculation with D. soro-
kiniana resulted in germination If?% less than the control (24). Leaf 
lesion development was minimal from infected seed. 
Pathogenicity of Curvularia geniculata 
and ~~!vularia Species 
Curvularia geniculata (Tr . and Earle) Boed. is generally considered 
to be a saprophytic fungus (6, 13) and a common soil inhabitant (15). It 
also is frequently isolated from leaf spots typical of Q. sorokiniana on 
Poa pratensis, especially in warm weather (22). Evidence such as this and 
the fact that Curvularia is a strong saprophytic competitor support the 
idea that f. geniculata is a weak primary leaf pathogen and predominantly 
a secondary invader of Q. sorokiniana lesions (25). 
·Various species of Curvularia are pathogenic on numerous pl.ant spe-
cies, including many grasses. Curvularia pallescens causes leaf spot of 
maize (33). Leaf spot of f. ru br~ , f. QTatensis, and Aorostis palustris 
also are caused by f. 9eniculata (5). 
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Seed~borne f. penniseti causes disease of Pennisetum typhoides under 
field conditions (37). Curvularia lunata is frequently associated with 
seed of ~athyrus sativus (12). In this case germination is not reduced, 
but both root and shoot growth are inhibited. Suhag (49) found that seed 
of Cicer arietinum is commonly infected with C. lunata. Several studies 
have indicated Curvularia infection of wheat seed (28, 29). Kumar and 
Nema (28) found f. geniculata to be internally seed-borne in wheat. An-
other study found f. geniculata reduced germination of wheat to 74% of the 
control (29). Inoculated seed resulted in both pre-emergence and post-
emergence infection. 
The pathogenicity of C. geniculata to seed of noncereal grass species 
is unclear at present. Soil infested with f. geniculata has been shown to 
reduce the growth rate of Zoysia japonica (2). The effect of f. geniculata 
on germination and seedling establishment of F. rubra is unknown. 
Pathogenicity of Alternaria alternata 
and Alternaria Species 
Alternaria alternata (Fr.) Keissler (=A· tenuis Nees) and other 
species of Alternaria are serious pathogens on a number of plant species 
(4, 16, 18, 19, 36, 37). Trichoconis (Alternaria) padwickii seed infection 
of rice causes many types of seedling damage (16). Symptoms include fail-
ure of the root to form, shoot and root decay, browning of the primary 
shoot, and spindly watery shoots. Drechslera sorokiniana also was associ-
ated with decay in the shoots. Another study showed that 62% seed infection 
with l · padwickii resulted in 33 % loss in the stand of rice in a greenhouse -
6 
experiment (36). It was concluded that the damage to rice by this 
fungus has been underestimated. 
Alternaria alternata is pathogenic on gran seed (49) , and wheat can 
be seriously damaged by seed-borne~· alternata (4). It has been shown to 
reduce emergence of wheat by 52% due to pre-emergence seed rot (29). 
Snapdragon seed blight is a serious disease caused by seed-borne A. 
alternata. Harman et al. (18) isolated A. alternata from snapdragon seed 
and found it to be pathogenic and to cause malformation of emerging seed-
lings. In a subsequent investigation, Harman et al. (19) demonstrated that 
A. alternata is most pathogenic to snapdragon seed under very humid con-
ditions. They noted also that seed treatment with captan, thiram, or 
carboxin was ineffective (19). 
Alternaria alternata is commonly isolated from soil and seed of many 
plant species (4, 16, 18, 19, 36, 37). Alternaria alternata has not been 
demonstrated to be pathogenic on grasses in general or specifically on F. 
rubra seed and seedlings. 
Effects of the Soil Environment on 
Drechslera sorokiniana, Curvularia ' geniculata, 
and Alternaria alternata 
The effects of the soil environment on Drechslera sorokiniana and 
Curvularia geniculata have been studied (6, 13, 21, 34). Curvularia sp. 
are better saprophytic survivors in soil than is D. sorokiniana (6, 13). 
Curvularia 9eniculata is considered to be a weak primary leaf pathogen of 
grasses (25). Hhen it is isolated from lesions typical of Q. sorokiniana, 
it is considered to be a secondary invader of these lesions because of its 
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strong saprophytic ability (22, 25). Drechslera sorokiniana (~. sativum) 
sporulates better in sterilized soil than in unsterilized soil (21). The 
addition of unsterilized soil to sterilized soil results in the same in-
hibition of sporulation of D. sorokiniana; this is probably due to compe-
tition by saprophytic fungi in the unsterilized soil (21). Similarily, 
D. sorokiniana results in less disease of wheat seedlings when infested in 
unsterilized soil compared to steamed soil (34). Seed of Cicer arietinum 
inoculated with Curvularia lunata or Alternaria alternata (~. tenuis) was 
found to produce better seedling stands in unsterilized soil as compared 
to sterilized soil (49). The pathogenic fungi were thought to be sup-
pressed by competitive and antagonistic organisms present in unsterilized 
soil. 
Effects of Ammonium Sulfate and Calcium Nitrate 
on Drechslera sorokiniana, Curvularia geniculata, 
and Alternaria alternata 
The utilization of nitrogen~ vitro by Q. sorokiniana has been 
studied extensively. Converse (9) found that Q. graminea (~. gramineum) 
utilized ammonium nitrogen in preference to nitrate fo~1s and this was fur-
ther substantiated with D. sorokiniana by Subramanian and Tyagi (48). The 
pH of the media affects the ability of Q. sorokiniana to utilize nitrate 
nitrogen forms (51). Nitrates are more efficiently utilized at high pH. 
Nitrogen fertilization also influences growth and sporulation of Q. 
sorokiniana. Clark (8) found that nitrate nitrogen is a better source for 
~vitro growth of Q. sorokiniana than is a~monium nitrogen. It should be 
noted that the ammonium for~ lowered the pH of the media to 2.9 after 14 
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days while other forms kept the pH at 7.5 - 8.0. Potassium nitrate re-
sulted in better growth than did annonium sulfate in a similar study (14). 
The severity of disease produced by Q. sorokiniana on a number of 
plants, including wheat and barley, has been demonstrated to be increased 
with soil applied nitrogen fertilizer (7, 11, 39). The application of 
nitrogen to seedlings of barley and wheat increased disease caused by D. 
sorokiniana (7, 11, 39). The addition of potassium and phosphorus to 
nitrogen nullifies the disease promoting effect of nitrogen alone (7, 11, 
39). 
Ledingham (31) showed that nitrogen promoted Q. sorokiniana root rot 
of wheat. He believed that the nitrogen could possibly predispose the 
plant to disease. A similar study found that heavy applications of nitro-
gen to the soil increased the severity of Q. sorokiniana root rot of bar-
ley (39). The nitrogen caused the plants to mature more slowly, and they 
were then ~ore susceptible to Q. sorokiniana. 
Curvularia species also are influenced by nitrogen form~ vitro. 
Curvularia pallescens produces greater mycelial growth with nitrate forms 
than lvith ammonium forms, but ammonium nitrate results in the best growth 
(43). Ammonium sulfate has been shown to be a poor source of nitrogen for 
sporulation of I· pallescens (1, 20). 
Alternaria alternata (A. tenuis) is better able to utilize ammonium 
nitrogen than nitrates as is D. sorokiniana (38). Calcium nitrate results 
in good mycelial growth of~· alternata (~. tenuis) (41), while ammonium 
sulfate results in poor sporulation (42). 
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t1ATERIALS AND ~~ETHODS 
Festuca rubra L. 1 DavJson 1 v1as used for all studies because of its 
moderate susceptibility to seedling disease. The study consisted of six 
treatments initiated to evaluate the pathogenicity of Drechslera sorokini-
ana, Curvularia geniculata, and Alternaria alternata and their various 
combinations on seed and seedlings of£. rubra. Inoculation methods, the 
influence of soil pasteurization and sterilization, and the influence of 
soil applied nitrogen form and concentration also were evaluated for their 
effect on pathogenisis. The six treatments were analyzed within the other 
factors as 567 possible interactions. 
All studies were conducted in the gr eenhouse (23 to 30 C). Seed was 
planted in plastic cell-pak inserts (6x4x5 em) placed within plastic flats 
(48x24x5 em) in a 2:1:1 loam-sand-peat mixture. Each treatment consisted 
of 100 seeds (5 seeds per cell-pak compartment). Studies were conducted 
throughout the year, except from May through August because of excessively 
high greenhouse temperatures (22, 25). Each treatment was replicated 
twice. 
Organisms 
Treatments consisted of inoculations with D. sorokiniana (Sacc.) 
Subram and Jain, C. geniculata (Tr. and Earle) Boed., A. alternata (Fr.) 
Keissler, D. sorokiniana + C. geniculata, D. sorokiniana +A. alternata, 
C. geniculata +A. alternata, and a water control. Cultures of D. soro-
kiniana, £, qeniculata, and A. alternata were maintained on 20 ml of 1.0% 
Czapek Dox Broth (10 g/L) in 3.0% (wt/vol) Bacto-agar in 15x150 mm sterile 
plastic petri dishes . Only 15- to 20-day-old cultures were used in the 
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study (22). The cultures were maintained under continuous cool white 
fluorescent light of approximately 75-80 ~E/M2/sec. Isolates of D. 
sorokiniana were obtained from lesions on Poa pratensis. Ioslations were 
made every 10-14 days to maintain culture virulence. 
Inoculation Methods 
The effect of seed inoculation techniques on potential seed and seed-
ling infection by the organisms was evaluated. Three inoculation tech-
niques were employed and included soil infestation, seed incoculation, and 
seed infestation. Conid ia used for infestations and inoculations were 
prepared by harvesting the conidia from the surface of the Czapek Dox 
Broth agar and filtering them through a 90 ~m sieve to remove mycelial frag-
ments. All spore suspensions were adjusted to 500 (~ 25) conidia per ml 
of distilled water with an automatic particle counter (High Accuracy Prod-
ucts Corp., Montclair, Ca. 91763). Combinations of the three fungal 
organisms were prepared by mi~ ing equal volumes of individual organism 
suspensions. 
Seed was surface sterilized in a 10.0% Clorox solution for 10 minutes 
and rinsed 20 times with 50 ml of sterile distilled water. The seed was 
then air dried before inoculation or infestation of seed, or before plant-
ing in a soil infested with conidia. 
Infestation of soil with conidia was accomplished by applying 10 ml of 
the conidia suspension (500 conidia/ml of distilled water) to the soil sur-
face of each cell-pak compartment one day before planting. Five seeds were 
placed in each compartment and covered with a thin layer (0.5 em) of the 
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appropriately treated soil mix and then watered lightly to settle the soil. 
Controls were established without infestation of the soil. 
Seed inoculations were accomplished by placing approximately 20 ml of 
surface sterilized seed in 200 ml of conidia suspension (500 conidia/ml of 
distilled water) in a 500 ml vacuum flask placed on a magnet ic stirrer to 
keep conidia and seed in suspension. One drop of Tween 80 was added to 
the mixture to break surface tension and provide better wett ing of the 
glumes. The suspension was placed under partial vacuum (faucet aspirator) 
for 15 minutes to allow conidia to more easily move beneath the glumes of 
the seed. The seed was then collected by pouring the suspension through 
a Whatman filter paper (No. 1) in a Buchner funnel. The seed was then 
planted immediately in the appropriately treated soil mix. Control seeds 
were evacuated in distilled water without conidia. 
Seed infestation was accomplished by vacuum inoculating seed as pre-
viously described, collecting it on filter paper, and then incubating it 
in 50 ml Pyrex culture tubes with ventilating plastic caps (Kap-uts, Bellco 
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Biological Glass Co., Vineland, New Jersey 08360) under 75-80 ~ E/M /sec 
of continuous fluorescent light at 22 C (~ 2) for four days. The seed was 
then placed in the appropriately treated soil mix as previously described. 
Soil Mix Conditions 
The effect of the soil microflora on potential seed and seedling in-
fection by the organisms was evaluated by conducting each seed infestation 
and inoculation treatment in an unsterilized soil mix, a steamed soil mix, 
and an autoclaved so il mix. The soil used for all treatments was a 2:1:1 
loam-sand-peat mix. The steamed soil mix was steamed in a 30 gal. can at 
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100 C for 2 hours. The autoclaved soil mix was heated to 121 C at 20 PSI 
for 2 hours. 
Nitrogen Fertilization 
The effect of soil applied nitrogen on potential seed and seedling 
infection by the organisms was evaluated with ammonium sulfate and calcium 
_2 _ 3 _4 
nitrate at molarities of 10 M, 10 M, and 10 M. Nitrogen sources were 
prepared in distilled water and applied at 10 ml per cell-pak compartment 
2 days prior to and 2 days after planting. 
Observations 
Germination and seedling mortality were recorded for each treatment. 
Seedling counts were initiated with the emergence of the first seedling 
and recorded through 25 days after planting. The number of emerged seed-
lings 25 days after planting was recorded as total emergence. Seedling 
mortality was determined by recording the number of seedlings that died 
after 25 days. The rate of seedling emergence was expressed by the ratio 
coefficient of velocity of emergence (CVE) (27). 
( Total emergence CVE = - ) X 100 E(Days after planting x eme rge nce for that day ) 
The larger the CVE, the faster the rate of seed germination. 
Reisolations 
All dead or dying seedlings were collected to determine the presence 
of the organisms applied in the various treatments. Reisolations were 
taken from leaf tissue and from root tissue whe n possible. All tissue 
13 
was surface sterilized in 10.0% Clorox for 3 minutes, rinsed in sterile 
distilled water, and placed on 20 ml of 3.0% Bacto-agar in 10x150 mm 
sterile, plastic petri dishes. The infected tis sue was incubated at 22 C 
(~ 2) unti l sporulation occurred. 
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RESULTS 
Pathogenicity of Organisms 
Inoculations with individ ua l organ i sms 
Drechs~era sorokiniana, Curvularia geniculata, and Alternaria alter-
nata treatments over all inoculation methods, soil mix conditions, and 
nitrogen forms and molarities demonstrated various degrees of pathogeni-
city on seed and seedlings of Festuca rubra. The relative pathogen icity 
of each organism was evaluated by comparisons of total seedling emergence, 
coefficient of velocity of emergence (CVE), seedling mortality levels, and 
reisolations of organisms from seedlings from the various inoculation 
treatments. 
Seedli~ emergence Curvularia geniculata produced the greatest re-
duction in total emergence (Table 1). Drechslera sorokiniana also signifi-
cantly reduced total emergence below that of the control, but total emer-
gence was significantly higher than that of C. geniculata (Table 1). 
Alternaria alternata had no significant effect on total emergence (Table 1). 
Rate of seedling emergence Drechslera sorokiniana demonstrated 
more capacity to slow germination than did f. geniculata. The CVE of seed-
lings from seed from various inoculations with D. sorokiniana was signifi-
cantly lower than those with C. geniculata or the control (Table 1). The 
CVE of seedlings from seed from various inoculations with A. alternata was 
not significantly different than that of the control (Table 1), 
Seerllinq mortality Drechslera sorokiniana showed the greatest 
ability to attack Festuca rubra seedlings. Seedling morta lity from seed 
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from various inoculations with Q. sorokiniana was significantly higher 
than that of the control (Table 1). Neither .f. _g_eniculata or A. alternata 
had a significant effect on seedling mortality (Table 1). 
Table 1. Total seedling emergence, rate of emergence, and seedling mortal-
ity of Festuca ruhra seedl inqs from seed inoculated \'lith 
_n_rechslerasorolz:rnlana, Curvularia geniculata, and Alternaria 
~lternata and their various combinations. 1 
Organism treatment Total seedling
2 CVE 3 Seedling4 
emergence rate mortality 
Drechslera sorokiniana 61.95 a 14.81 a 2.14 a 
Curvularia geniculata 52.56 b 15.15 b 0.28 b 
Alternaria a lternata 69.51 c 15.51 c 0.34 be 
Drechslera + Curvularia 52.76 b 13.68 d 0.76 c 
Drechslera + Alternaria 62.81 a 16.13 e 1.31 d 
Curvularia + Alternaria 55.76 d 15.63 c 0.53 e 
Control 69.22 c 15.48 c 0.20 b 
1Figures are average of two replications over all inoculation methods, 
soil mix conditions, and nitrogen forms and concentrations. 
2Average emergence of seedlings (%) from two replications, LSD (5%) 
= 1.32. 
3Average rate of emergence of seedlings from two replications, larger 
number signifies faster emergence of 100 seeds, LSD (5%) = 0.28. 
4Average seedling mortality (%) from two replications, LSD (5%) = 0.20. 
Numbers followed by the same letter (dOI'm) are not significantly different. 
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Reisolations The total number of diseased seedling samples and 
the organisms reisolated from the tissue showed significant differences 
in the ability of the organisms to infect f. rubra seed lings at the soil 
su~face (Table 2). Orechs lera sorokiniana produced the 0reatest number 
of diseased seedlings and was reisolated from about 80% of diseased 
seedlings (Table 2). Only 55% of the diseased seedlings produced from 
f. geniculata inoculations yielded f. geniculata (Table 2). Alternaria 
alternata demonstrated little ability to infect F. rubra seedlings 
(Table 2). 
Table 2. Percentaqe reisolation of Orechslera sorokiniana, Curvularia 
geniculata, and Alternaria alternata from diseased Festuca 
r ubra seedlings produced from seed inoculation with the organisms 
individually or in combination. 
Number of Reisolations from seedlings (%)
1 
Organism diseased Drechslera Curvularia Alternaria Combina-
treatr.1ent seedlings soro~ioiaoa geoicula:ta alteroata tion 
Drechslera 117 79 a/a 1 a/b 3 a/b 3 a/b 
Curvularia 47 19 b/a 55 b/b 2 a/a 0 a/a 
Alternaria 3() 3 c/a 8 a/a 14 a/a 3 a/a 
Drechslera + 
Curvularia 65 25 b/a 48 b/b 3 a/c 3 ale 
Drechslera + 
Alternaria 135 63 d/a 0 a/b 7 a/b 11 a/b 
Curvularia + 
Alternaria 68 3 c/a 50 b/b 3 a/a ro a/a 
Control 20 25 b/a 0 a/b 35 b/a 10 a/b 
1 
Percentage reisolation of each organism from seedlings of two repli-
cations over all inoculation methods , soil mix conditions, and nitrogen 
forms and concentrations. Numbers followed by the same letter among 
inoculations (down a/ ) or among reisolated organisms (across /a) are 
not significantly different. LSD (5%) = 13. 
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Inoculations with combinations of ornanisms 
The effects of the organism combination treatments over all inocu-
lation methods, soil mix conditions, and nitrogen forms and molarities 
differed for total seedling emergence, CVE rates, seedling mortality, and 
reisolations as did the individual organisms. All organism combinations 
reduced total emergence and increased seedling mortality and reisolations 
compared to the controls (Tables 1, 2). Organism combinations had mixed 
effects on CVE rates compared to the control (Table 1) . The various com-
binations of the three organisms resulted in diverse relationships compared 
to each organism individually. 
Seedling emergence Drechslera sorokiniana + Curvular ia geniculata 
resulted in the lowest seedling emergence of the organism combinations 
(Table 1). Drechslera sorokiniana +I· geniculata significantly reduced 
total emergence below that of D. sorokiniana alone, but was not signifi-
cantly different than that of f. geniculata alone (Table 1). Total 
emergence of seedlings from seed from various inoculations with D. soro-
kiniana +A. alternata was significantly lower than that of the control 
and with ~· alternata alone, but was not significantly different than that 
with Q. sorokiniana (Table 1). Curvularia genicu lata + ~· alternata 
resulted in total emergence significantly greater than that of I· geni-
culata alone and significantly lower than that of A. alternata alone 
(Table 1). 
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Rate of seedling emergence Drechslera sorokiniana +C. genicu-
lata lowered the CVE below that of either organism alone (Table 1). The 
CVE rate of seedlings inoculated with D. sorokiniana +A. alternata was 
significantly greater than that with either organism alone or the control 
(Table 1). The CVE of seedlings inoculated with f. geniculata + 
~· alternata was significantly greater than that with f. geniculata, but 
was not significantly different than that with A. alternata or the 
control (Table 1). 
Seedling mortality Both D. sorokiniana +f. geniculata and Q. soro-
kiniana + ~· alternata resulted in seedling mortality levels significantly 
T6wer than that of Q. sorokiniana and significantly greater than that of 
f. geniculata or~· alternata (Table 1). Seedling mortality of seedlings 
inoculated with f. geniculata + ~· alternata was significantly greater 
than that with f. geniculata and the control, but was not significantly 
different than that with A. alternata (Table 1). 
Reisolations The co~bination of D. sorokiniana + f. geniculata 
resulted in about half the number of diseased seedlings as did inocula-
tions with Q. sorokiniana, and D. sorokiniana was reisolated from only 25% 
of the seedlings (Table 2). Drechslera sorokiniana +A. alternata re-
sulted in slightly more diseased seedlings than did Q. sorokiniana, but 
Q. sorokiniana was reisolated from a smaller percentage of the seedlings 
than from inoculations with D. sorokiniana alone (Table 2). Curvularia 
geniculata + ~· alternata resulted in more diseased seedlings than did 
C. geniculata, but f. geniculata was reisolated from a smaller percentage 
of seedlings than from inoculations with f. geniculata alone (Table 2). 
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Specific Effects of Inoculation 
Methods on Pathogenesis 
Inoculations with individual organisms 
Seedling emergence Inoculation ~ethods over all soil conditions 
influenced total seedling emergence off_. !_u_bra resulting from individual 
organism treatments (Table 3). Infestations of soil and seed with D. 
sorokiniana and f . geniculata resulted in significantly lower total 
emergence than that of the controls, but soil and seed infestations with 
~· alternata resulted in total emergence not significantly different than 
that of the controls (Table 3). Total seedling emergence of seed inocu-
lated with Q. sorokiniana was not significantly different than that of the 
control, with f. geniculata was significantly lower than that of the con-
trol, and with~· alternata was significantly greater than that of the 
control (Table 3). Seed infested with f. geniculata resulted in the lowest 
seedling emergence produced by the individual organisms and inoculation 
methods (Table 3). 
Total emergence of seedlings from both soil and seed infested with 
D. sorokiniana was significantly lower than that of seed inoculated with 
D. sorokiniana (Table 3). Total emergence of seedlings in response to 
C. geniculata decreased significantly from soil infestation to seed inocu-
lation to seed infestation (Table 3). Seed inoculated with A. alternata 
showed a significant increase in seedling emergence compared to soil or 
seed infested with A. alternata (Table 3) . 
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Table 3. Total seedling e~ernence of Festuca rubra as influenced by inocu-
lation methods \'lith Orechslera sorol~a, Curvularia geniculata, 
and Alternuria alternata and their var1ous co~b1nat1ons. 
Inoculation method 
Soi 1 Seed Seed 
Organi·sm treatment infestation inoculation infestation 
Drechslera 
soro kinian i'l 65.33 ac/a 74.00 ad/b 64.28 a/a 
Curvularia 
0en1 cu 1 a ta 67.50 a/a 59.56 b/b 51.56 b/c 
Alternaria 
-
a 1 tern a t .1 71.72 b/a 82.50 c/b 75.06 c/a 
Drechslera + 
Curvularia 72.61 b/a 62.89 b/b 42.83 d/c 
' 
Drechslera + 
Alternaria 62.78 c/a 61.50 a/b 67.22 a/c 
Curvularia + 
Al terniri a 73.78 b/a 70.83 a/a 49.33 b/b 
Contra 1 74.72 b/a 77.72 d/a 74.11 c/a 
1Total seedling emergence( %) of Festuca rubra is average of two repli-
cations over all soil mix conditions. Numbers followed by the same letter 
among organisms within inoculation methods (down a/ ) or among inoculation 
methods wtihin organisms (across /a) are not significantly different. 
LSD ~5% ) = 3.97. 
Rate of seedling ~mer~ence Soi l infestations of D. sorokiniana 
and f. geniculata and seed infestation with D. sorokiniana resulted in 
significantly decreased CVE rates compared to the controls (Table 4). All 
other interactions of individual organisms with inoculation methods re-
sulted in CVE rates not significantly different than those of the con-
trols (Table 4). Soil infested with D. sorokiniana resulted in the lowest 
CVE of the individual organisms (Table 4). 
The CVE rates of seed infestations of all or9anisms and the control 
were significantly greater than those of soil infestations or seed 
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inoculations (Table 4). The CVE of seedl ings in soil infested with~· soro-
kiniana was significantly lower than that of seed inoculated with Q. soro-
kiniana (Table 4). CVE rates of seedlings in so il infested with and seed 
inoculated with C. geniculata were not different (Table 4). The inocula-
tion methods with A. alternata did not affect CVE rates (Table 4). 
Table 4. Rate of seedling emergence (CVE) of Festuca rubra as influenced 
hy inoculation methods with Drechslera sorok1n~a , Curvularia 
9eniculata, and Alternaria alternata and their various 
combinations.l 
Inoculation method 
Soi 1 Seed Seed 
Organism treatment infestation inoculati on infestation 
Drechslera 
sorokiniana 12.42 a/a 13.48 ac/b 20.82 a/c 
Curvularia 
geniculata 13.85 b/a 13.61 ac/a 22.22 b/b 
Alternaria 
alternata 15.35 c/a 13.64 ac/b 21.77 b/c 
Drechslera + 
Curvularia 13.88 b/a 13.34 ab/a 17.45 c/b 
Drechslera + 
Alternaria 14.38 bd/a 12.62 b/b 23.10d/c 
Curvularia + 
Alternata 14.47 bd/a 13.95 a/a 22.62 bd/b 
Control 14.88 cd/a 13.02 bc/b 22.09 b/c 
1 
CVE rates expressed are averages of two replications over all soil 
mix conditions. Numbers followed by the same letter among organisms 
within inoculation methods (down a/ ) or among inoculation methods within 
organisms (across /a) are not significantly different. LSD (5%) = 
0.83. Larger number signifies faster emergence of 100 seeds. 
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Seedling mortality Inoculation and infestation of seed with D. 
sorokiniana resulted in the greatest seedling mortality, and it was 
significantly greater than that of seedli ngs in soil infested with D. 
sorokiniana (Table 5). All inoculations and infestations with f. 0eni-
culata or A. alternata resulted in seedling mortality rates not signifi-
cantly different than those of the controls (Table 5). 
Table 5. Seedling mortality of Festuca rubra as influenced by inoculation 
methods with Drechslera sorokinfana, Curvularia geniculata, and 
Alternaria alternata and their various comb1nations.l 
Organism treatment 
Drechslera 
so ro k i n i a n a 
Curvularia 
geniculata 
Alternaria 
a lternata 
Drechslera + 
Curvularia 
Drechslera + 
Alternaria 
Curvula ria + 
Alternaria 
Control 
Soil 
infestation 
1.44 a/a 
0.22 b/a 
0.50 be/a 
1.00 ac/a 
1. 44 a/ a 
0.89 ac/a 
0. 44 be/a 
Inoculation Method 
Seed 
inoculation 
2.39 a/b 
0.56 bd/a 
0.22 bd/a 
0.78 be/a 
1. 22 c/a 
0. 78 be/a 
0.00 d/a 
Seed 
infestation 
2.22 a/b 
0.22 b/a 
0.39 b/a 
1.00 c/a 
2.11 a/b 
0.33 b/a 
0.28 b/a 
1 Figures expressed are the average number of seedlings that collapsed 
out of 100 seeds of two replications over all soil mix conditions. 
Numbers followed by the same letter among organisms within inoculation 
methods (down a/ ) or among inoculation methods within organisms (across 
/a) are not significantly different. LSD (5%) = 0.60. 
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Table 6. Reisolation of organisms from diseased Festuca rubra seedlings as influenced by inoculation 
methods with Drechslera sorokiniana, Curvularia geniculata, and Alternaria alternata and 
their various combinations.I 
Inoculation method and 
organism treatment 
Soil infestation 
Number of 
diseased 
seedlin~s 
Drechslera sorokiniana 23 
Curvularia geniculata 16 
Alternaria alternata 7 
Drechslera + Curvularia 26 
Drechslera +Alternaria 33 
Curvularia +Alternaria 19 
Control 8 
Seed inoculation 
Drechslera sorokiniana 64 
Curvularia geniculata 15 
Alternaria alternata 7 
Drechslera + Curvularia 34 
Drechslera +Alternaria 42 
Curvularia + Alternaria 31 
Control 2 
--------Organisms reisolated (%) 2 ------
Drechslera 
sorokiniana 
35 a/a/a 
0 b/a/a 
0 b/a/a 
35 a/a/a 
48 c/a/a 
0 b/a/a 
62 d/a/a 
91 a/b/a 
60 b/b/a 
0 c/a/a 
21 d/b/a 
67 b/b/a 
19 d/b/a 
0 c/b/a 
Curvularia 
geniculata 
0 a/a/b 
44 b/a/b 
29 c/a/b 
42 b/a/a 
-o a/a/b 
11 d/a/b 
0 a/a/b 
2 a/a/b 
33 b/b/b 
14 c/b/b 
59 d/b/b 
2 a/a/b 
61 d/b/b 
0 a/a/a 
Alternaria 
alternata 
1 ab/a/b 
6 ab/a/a 
0 a/a/a 
1 ab/a/b 
9 b/a/c 
5 ab/a/ab 
38 c/a/c 
0 a/a/b 
0 a/a/c 
14 c/b/b 
0 a/a/c 
0 a/b/b 
0 a/a/c 
0 a/ b/ a 
Combination 
0 a/a/b 
0 a/a/a 
"14 b/a/c 
0 a/a/b 
3 a/a/be 
27 c/a/c 
0 a/a/b 
2 a/a/b 
0 a/a/c 
0 a/b/a 
6 a/a/c 
7 a/ab/b . 
6 a/ b/ c 
0 a/a/a 
Seed infestation 
-
Drechslera sorokiniana 30 87 a/b/a 0 a/a/b 5 ac/a/b 7 ab/a/b 
Curvularia geniculata 16 0 a/a/a 87 b/c/b 0 a/a/a 0 a/a/a 
Alternaria alternata 22 4 b/a/a 0 a/c/a 18 b/b/b 0 a/a/a 
Drechslera + Curvularia 5 0 b/c/a 40 c/a/b 0 a/a/a 0 a/a/a 
Drechslera + Alternaria 60 65 c/b/a 0 a/ a/ b 10 c/a/c 13 bc/b/ c 
Curvularia +Alternaria 18 0 a/a/a 67 d/b/b 0 a/a/a 0 a/b/a 
Control 10 0 a/b/a 0 a/a/a 40 d/a/b 20 c/b/a 
1Figures expressed are the average number of diseased seedlings collected per 100 seeds from 
two replications over all soil mix conditions. 
2Figures expressed are the percentage reisolation of each organism or combination from the 
diseased seedlings. Numbers followed by the same letter among organism treatments within inocula-
tion methods and reisolated organisms (down a/ I ), or among inoculation methods within reisolated 
organisms and organism treatments (down /a/ ), or among reisolated organisms within organism 
treatments and inoculation methods (across I /a) are not significantly different. LSD (5%) = 8.00. 
N 
w 
0" 
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Reisolations The percentage of P!~~-~slera sorokiniana reisola-
tions from seedlings in soil infested wit~ D. sorokiniana was lower than 
the percentage reisolated from the control (Table 6) . Reisolations of 
D. sorokiniana from seed inoculations and infestations with D. sorokiniana 
were greater than that of the controls (Table 6). Curvular ia geniculata 
was reisolated from the inoculations and infestations of ~· geniculata 
more often than from the controls (Table 6). The inoculation methods 
had little effect on retsolations of A. alternata from seedlings (Table 6). 
The percentage reisolatton of Q. sorokiniana from diseased seedlings 
increased significanlty from soil infestation to seed inoculation and 
infestation with Q. sorokiniana (Table 6). The percentage reisolation 
of~· Renicu lata from diseased seedlings increased from soil infestation 
to seed inoculation to seed infestation with C. ge niculata (Table 6). 
Inoculations with combinations of organisms 
Seedling emergence Inoculation methods over all soil conditions 
influenced total seedling emergence of f. rubra resulting from the organ-
ism combination treatments (Table 3). Total emergence of seedlings from 
soil infestations with D. sorokiniana +f. geniculata and f. geniculata + 
A. alternata did not differ from that of the control, but soil infested 
with D. sorokiniana +A. alternata resulted in total seedling emergence 
significantly less than that of the control (Table 3) . Seed inoculations 
and infestations with all organism combinations resulted in total seedling 
emergence significantly less than that of the control (Table 3). Seed 
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infested with D. sorokiniana + C. geniculata resulted in the lowest total 
emergence of all organisms and inoculations (Table 3). 
Total seedling emergence decreased from soil infestation to seed in-
oculation to seed infestation with the combination of D. sorokiniana + 
C. geniculata (Table 3). Total emergence increased from soil infestation 
to seed infestation to seed inoculation with the combination of D. soro-
kiniana +A. alternata (Table 3). Total emergence of seedlings from soil 
infestation and seed inoculation with C. geniculata + ~· alternata were 
not significantly different, but seed infestation resulted in significantly 
decreased total emergence (Table 3). 
Total seedling emergence from soil infested with D. sorokiniana + 
C. geniculata was significantly greater than that of soil infestation with 
either organism alone (Table 3). Total seedling emergence of seed inocu-
lated with ~· sorokiniana + ~· geniculata was significantly lower than that 
of seed inoculated with D. sorokiniana, but was not significantly different 
than that with ~· geniculata and total emergence of seed infested with D. 
sorokiniana + C. geniculata was significantly lower than that of seed 
infestation with either organism alone (Table 3). Total emergence of 
seedlings from seed inoculated with~· sorokiniana +A. alternata was not 
significantly different than that with ~· sorokiniana and was significantly 
lower than that with A. alternata with each inoculation method (Table 3). 
Soil infestation with~· geniculata +A. alternata resulted in total emer-
gence significantly greater than that with ~· geniculata, but was not 
significantly different than that with~· alternata (Table 3). Seed inocu-
lation with ~· geniculata + ~· alternata resulted in total emergence be-
tween that of seed inoculation with either organism alone, and total 
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emergence of seed infested with f. geniculata + ~- alternata was not sig-
nificantly different than that with f. geniculata, but was significantly 
lower than that with A. alternata (Table 3). 
Rate of seedling emer0ence The CVE rates of seedlings subjected 
to the organism combination treatments were influenced by inoculation 
method (Table 4). Soil infestation with D. sorokiniana +f. geniculata 
resulted in a CVE rate significantly less than that of the control, but 
soil infestation with D. sorokiniana +A. alternata and with f. geniculata 
+A. alternata resulted in CVE rates not significantly different than that 
of the control (Table 4). Seed inoculation with D. sorokiniana +C. 
geniculata and with D. sorokiniana + A. alternata resulted in CVE rates 
not significantly different than that of the control, but seed inoculation 
with f. geniculata + ~- alternata resulted in a CVE significantly greater 
than that of the control (Table 4). Seed infestation with D. sorokiniana 
+ C. geniculata resulted in a CVE significantly less than that of the 
control, while Q. sorokiniana + A. alternata resulted in a CVE significant-
ly greater than that of the control (Table 4). The CVE of seed infested 
with f. geniculata + ~- alternata was not significantly different than 
that of the control (Table 4). Seed infestation with D. sorokiniana + 
f. geniculata resulted in greater reduction in CVE than any other 
organism combination or inoculation method (Table 4). 
The CVE rates of seed infestations with all organism combinations were 
significantly greater than those of soil infestations and seed inoculations 
(Table 4). CVE with all organism combinations decreased from soil infesta-
tion to seed inoculation (Table 4). 
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The CVE rate of seedlings in soil infested with Q. sorokiniana + 
C. geniculata was significantly greater than that with Q. sorok i niana 
alone, but not significantly different than that with C. geniculata (Table 
4) . Seed inoculation with D. sorokiniana +C. geniculata resulted in a 
CVE rate ~ot significantly different than that with either organism alone 
(Table 4). The CVE rate of seed infested with D. sorokiniana +C. 
geniculata was significantly lower than that with either organism al one 
(Table 4). The CVE rate of seedlings in soil infested with D. sorokiniana 
+ ~· alternata was significantly greater than that with D. sorokiniana 
and significantly lower than that with~· alternata (Table 4). Seed 
inoculated with D. sorokiniana + A. alternata resulted in a CVE rate sig-
nificantly lower than that with either organism alone (Table 4). The 
CVE rate of seed infested with D. sorokiniana +A. alternata was signifi-
cantly greater than that with either organism alone (Table 4). The CVE 
rate of seedlings in soil infested with C. geniculata +A. alternata was 
not significantly different than that with C. geniculata, but was signi-
ficantly lower than that with A. alternata (Table 4). The CVE rate of 
seed inoculated or infested with~· geniculata + ~· alternata were not 
significantly different than those of the individual organisms (Table 4) . 
Seedling mortality Inoculation methods had little effect on 
seedling mortality of organism combination treatments (Table 5). All 
inoculation methods except soil and seed infestations with~· geniculata 
+A. al+.ernata and soil infestation with Q. sorokiniana + ~· geniculata 
resulted in seedling mortality significantly greater than that of the 
controls (Table 5). Seed infestation with D. sorokiniana +A. alternata 
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resulted in the highest seedling mortality of the organism co~binations 
and inoculation methods (Table 5). 
Seedling mortality from seedlings in soil infested with D. sorokiniana 
+ C. geniculata was not significantly different than that with ~- soro-
kiniana alone and was significantly greater than that with C. geniculata 
alone (Table 5). Seed inoculated with D. sorokiniana + C. geniculata 
resulted in seedling mortality significantly lower than that with D. 
sorokiniana, but not significantly different than that with C. geniculata 
(Table 5). Seed infested with~· sorokiniana +I· geniculata resulted in 
seedling mortality significantly lower than that with~· sorokiniana and 
significantly greater than that with I· geniculata (Table 5). Soil and 
seed infestations with D. sorokiniana +A. alternata resulted in seedling · 
mortality not significantly different than that with D. sorokiniana 
and significantly greater than that with~- alternata (Table 5). How-
ever, seedling mortality of seed inoculated with D. sorokiniana +A. 
alternata was significantly lower than that with D. sorokiniana and signif-
icantly greater than that with~· alternata (Table 5). Soil infested with 
I· geniculata ~ ~· alternata resulted in seedling mortality significantly 
greater than that with f. geniculata, but not significantly different 
than that with~· alternata (Table 5). Seed inoculations and infestations 
with f. geniculata +A. alternata resulted in seedling mortality not signif-
icantly different than that with either organism alone (Table 5). 
Reisolations Generally, the various combinations of organisms 
resulted in more diseased seedlings than the controls, and except for 
soil infestation with the combinations, the organisms were reisolated 
from a greater percentage of the seedlings than in the controls (Table 6). 
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Soil infestation with .Q_. sorokiniana +f. geniculata resulted in re-
isolation of D. sorokiniana and f. geniculata from nearly the same per-
centage of seedlings (Table 6). However, seed inoculation and infesta-
tion with Q. sorokiniana +f. geniculata resulted significantly in more 
reisolates of f. geniculata from seedlings than that of Q. sorokiniana 
(Table 6). The percentage reisolation of Q. sorokiniana from seedlings 
was significantly greater from seed inoculation and infestation with Q. 
sorokiniana +A. alternata than from soil infestation (Table 6). The per-
centage reisolation of f. geniculata from seedlings was significantly 
greater from seed inoculation and infestation with I. geniculata + A. 
alternata than from soil infestation (Table 6). 
Special Effects of Soil Mix 
Conditions on Pathogenesis 
Inoculations with individual organisms 
Seedling emergence The use of an unsterilized, steamed, or auto-
claved soil mix over all inoculation methods influenced total seedling emer-
gence of F. rubra resulting from individual organism treatments (Table 7). 
Drechslera sorokiniana and I· geniculata lowered total emergence below that 
of the control in each soil mix condition, but total seedling emergence 
from seed inoculated with A. alternata did not significantly differ from 
the control in each soil mix condition (Table 7) . Curvularia geniculata in 
steamed soil resulted in the lowest total seedling emergence (Table 7). 
Total seedling emergence of seed inoculations with D. sorokiniana 
was significantly lower in steamed soil than in unsterilized or autoclaved 
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soil and also was lower than the control (Table 7). Total emergence of 
seedlings from the various inoculations with C. geniculata was significant-
ly lower in steamed and autoclaved soil than in unsterilized soil (Table 7). 
Total emergence of seedlings from inoculations with~· alternata was sig-
nificantly lower in unsterilized and steamed soil than in autoclaved 
soil (Table 7). 
Table 7. The influence of soil mix conditioning on total seedling emer-
gence of Festuca rubra as subject to inoculations with Drechslera 
sorokiniana, Curvularia geniculata, and Alternaria alternata and 
their various combinations 1 
Soi 1 mix condition 
Organism treatment Unsterilized Steamed Autocl aved 
Drechslera sorokiniana 69.67 a/a 65.00 a/b 68.94 ae/ab 
Curvularia geniculata 63.67 bd/a 57.17 bd/b 57.78 b/b 
Alternaria alternata 74.06 c/a 74.00 c/a 81.22 c/b 
Drechslera + Curvularia 60.11 b/a 55 .72 b/b 62.50 d/a 
Drechslera + A lterna ria 67.44 ad/a 62.33 a/b 7l. 72 a/c 
Curvularia + Alternaria 65.28 d/a 62.06 ad/b 67.61 e/a 
Control 76.72 c/a 71.61 c/b 78.72 c/a 
1
Total seedling emerg ence (%) of Festuca rubra is averaoe of tvvo 
replications over all inoculation metnods. Numbers followed by the same 
letter among organisms within soil mix conditions (down a/ ) or among soil 
mix conditions within organisms (across /a) are not significantly differ-
ent. LSD (5%) = 3.97. 
Rate of seedling emergence The CVE rates of seedlings from various 
inoculations with Drechslera sorokiniana in unsterilized and steamed soil 
were significantly lower than that of the controls (Table 8). The CVE 
rates of seedlings from the various inoculations with other organisms and 
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soil conditions were not significantly different from the controls (Table 
8). Drechslera sorokiniana in steamed soil resulted in the lowest CVE 
rate of seedlings (Tahle 8). 
The CVE rate of the control seedlings in unsterilized soil was sig-
nificantly greater than in steamed or autoclaved soil (Table 8). The 
CVE rates of seedlings from the various inoculations with all individual 
organisms in steamed soil was significantly lower than in unsterilized or 
autoclaved soil mixes (Table 8). 
Table 8. The influence of soil mix conditioning on the rate of seedling 
emergence (CVE) of Festuca rubra as subject to inoculations with 
Drechslera sorokiniana, Curvu laria geniculata, and Alternaria 
alternata and their various comb1nat1ons.1 
Soi 1 mix condition 
Organism treatment Unsterilized Steamed Autoclaved 
Drechslera soroki ni ana 15.97 a/a 14.83 a/b 15.92 a/a 
Curvul aria geniculata 16.93 b/a 15.87 b/b 16.88 bd/a 
Alternaria alternata 17.32 be/a 16.30 b/b 17.15 b/a 
Drechslera + Curvularia 15.52 a/a 14.66 a/b 14.50 c/b 
Drechslera +. Alternaria 17.78 c/a 16.06 b/b 16.26 ad/b 
Curvularia + A lterna ria 17.73 be/a 15.94 b/b 17.37 b/a 
Contra 1 17.50 be/a 15.89 b/b 16.60 ab/b 
1
CVE rates expressed are averages of tHo replications over all 
inoculation methods. Numbers followed by the same letter among organisms 
with in soil mix conditions (down a/ ) or among soil mix conditions within 
organisms (across /a) are not significantly different. LSD (5%) = 0.83. 
Larger number signifies faster emergence of 100 seeds. 
Seedling morta lity Drechslera sorokiniana resulted in seedling 
mortality levels significantly greater than those of the controls in each 
soil condition (Table 9). Seedling morta lity in response to Curvularia 
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geniculat~ and A. alternata was not significantly different than that of 
the controls (Table 9). Drechslera sorokiniana in steamed and autoclaved 
$oil resulted in the highest seedling mortality (Table 9). 
Soil mix conditioning did not influence seedling mortality of the con-
trols or from the various inoculations with C. geniculata (Table 9). 
However, seedling mortality from the various inoculations with D. soro-
kiniana was significantly greater in steamed and autoclaved soil than in 
unsterilized soil, and A. alternata in unsterilized soil resulted in sig-
nificantly greater seedling mortality than A. alternata in steamed or 
autoclaved soil mixes (Table 9). 
Table 9. The influence of soil mix conditioning on seedling mortality of 
Festuca rubra as subject to inoculations with Drechslera soro-
klnlana,-rurYularia geniculata, and Alternaria alternata ana-
thelr various combinat1ons.1 
Soil mix condition 
Organism treatment Unsterilized Steamed Autoclaved 
Drechslera sorokiniana 0.94 a/a 2.56 a/b 2.56 a/b 
Curvularia geniculata 0.33 b/a 0.44 b/a 0.22 be/a 
Alternaria alternata 0.83 ab/a 0.06 b/b 0. 22 bc/b 
Drechslera + Curvularia 0.72 ab/a 1.39 c/b 0.67 b/a 
Drechslera + Alternaria 1. 22 a/a 1.50 c/ab 2.06 a/b 
Curvularia + A lterna ria 0.94 a/a 0.61 b/a 0.44 be/a 
Contra 1 0.28 b/a 0. 44 b/a 0.00 c/a 
1
Figures expressed are the average number of seedlings that col-
lapsed out of 100 seeds of two replications over all inoculation methods. 
Numbers followed by the same letter among organisms within sbil mix con-
ditions (down a/ ) or among soil mix conditions within organisms (across 
;a) are not significantly different. LSD (5%) = 0.60. 
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Reisolations Reisolation of D. sorokiniana from seedlings inocu-
lated with the same yielded significantly more reiso lates of the organism 
from all soil condition s than did the contro l (Table 10) . This also 
occurred for C. geniculata reisolations from C. geniculata inoculations 
(Table 10). Alternaria alternata inoculations in steamed and autoclaved 
soils but not unsterilized soil resulted in more reisolations of the 
same than from the controls (Table 10). The greatest percentage of reiso-
lations of all organisms occurred for D. sorokiniana from the various 
inoculations with the same in steamed and autoclaved soils (Table 10). 
Reisolations of D. sorokiniana from seedlings from various inocula- · 
tions with D. sorokiniana was significantly grea ter in steamed and auto-
claved soil than in unsterilized soil (Table 10). Reisolation of C. 
geniculata from seedlings of seed from various inoculations with C. geni-
culata increased significantly from unsterilized to steamed to autoclaved 
soil (Table 10). Alternaria alternata was reisolated from seedlings from 
inoculations with A. alternata in steamed soil significantly more often 
than from seedlings from various inoculations in unsterilized or auto-
claved soil (Table 10). 
Inoculations with combinations of organisms 
Seedling emergence Soil mix conditioning over all inoculation 
methods influenced total seedling emergence of F. rubra resulting from 
organism combination treatments (Table 7). Total emergence of seedlings 
from all organism combinations and soil conditions was significantly lower 
than those of the controls (Tahle 7). Total emergence of seedlings from 
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Table 10. Reisolation of organisms from diseased Festuca rubra seedlings from seed inoculations with 
Drechslera sorokiniana, Curvularia geniculata, Alternaria alternata and their various 
combinations as influenced by soil mix conditioning. 1 
Number of -- -- -- Organisms reisolated (%)2 
Soil mix condition and diseased Drechslera Curvularia Alternaria 
organism treatment seedlings so ro k i n i a n a geniculata alternata Combination 
Un steri 1 i zed 
Drechslera sorokiniana 32 44 a/a/a 3 ad/a/b 6 a/a/b 0 a/alb 
Curvularia geniculata 18 6 bd/a/a 44 b/a/b 6 a/a/a 0 a/a/a 
Alternaria alternata 20 5 bd/a/a 10 a/a/a 5 a/a/a 5 ab/a/a 
Drechslera + Curvularia 19 10 b/a/a 26 c/a/b 10 a/a/a 5 ab/a/a 
Drechslera +Alternaria 40 62 c/a/a 0 d/a/b 5 a/a/be 10 bc/a/c 
Curvularia + Alterna r ia 41 5 bd/a/ac 37 b/a/b 2 a/a/a 10 bc/a/c 
Control 13 0 d/a/a 0 d/a/a 38 b/a/b 15 c/a/a 
Steamed 
Drechslera soro kiniana 38 95 a/b/a 0 a/a/b 3 a/a/b 3 ab/a/b 
Curvularia geniculata 10 42 b/b/a 59 b/b/b o a/a/c 0 a/a/c 
Alternaria alternata 5 0 c/a/a 0 a/b/a 40 b/b/b 0 a/a/a 
Drechslera + Curvularia 32 31 d/b/a 59 b/b/b 0 a/b/c 3 ab/a/c 
Drechslera +Alternaria 42 74 e/b/a 0 a/a/b 5 a/a/be 10 bc/a/c 
Curvularia +Alternaria 16 o c/a/a 81 c/b/b 6 a/a/ac 12 c/a/c 
Control 7 71 e/b/a 0 a/a/b 29 c/b/c 0 a/b/b 
Autoclaved 
Drechslera sorokiniana 47 91 a/b/a 0 a/a/b 0 a/a/b 4 ac/a/b 
Curvularia geniculata 10 0 b/a/a 70 b/c/b 0 a/a/a 0 a/a/a 
Alternaria alternata 11 0 b/a/a 9 c/a/b 18 b/c/c 0 a/a/a 
Drechslera + Curvularia 14 29 c/b/a 50 d/c/b 0 a/b/c 0 a/a/c 
Drechslera +Alternaria 53 55 d/a/a 0 a/a/b 9 c/a/c 13 b/a/c 
Curvularia + Alternaria 11 0 b/a/a 54 d/ c/b 0 a/a/a 9 bc/a/c 
Control 0 0 b/a/a 0 a/a/a 0 a/c/a 0 a/b/a 
1
Figures expressed are the average number of diseased seedlings collected per 100 seeds from two 
replications over all inoculation methods. 
2Figures expressed are the percentage reisolation of each organism or combination from the 
diseased seedlings. Numbers followed by the same letter among organism treatments within soil mix 
conditions and reisolated organisms (down a/ I ), or among soil mix conditions withing organism treat-
ments and reisolated organisms (down /a/ ), or among reisolated organisms within organism treat-
ments and soil mix conditions (across I Ia) are not significantly different. LSD (5%) = 8.00 . 
w 
w 
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inoculations with D. sorokiniana +f. geniculata in steamed soil resulted 
in the lowest total emergence (Table 7) . 
Total emergence of seedlings from inoculations with D. sorokiniana + 
C. geniculata was significantly lower in steamed soil than in unsterilized 
or autoclaved soil (Table 7). This also was true for inoculations with D. 
sorokiniana + ~· alternata, f. geniculata + ~· alternata, and the control 
(Table 7). However, total emergence of seedlings from inoculations with 
Q. sorokiniana + ~· alternata was significantly greater in autoclaved soil 
than in unsterilized soil (Table 7). 
Total emergence of seedlings from seed from various inoculations with 
D. sorokiniana + ~· geniculata in unsterilized and steamed soil was signif-
icantly lower than that with Q. sorokiniana, but not significantly dif-
ferent than that with f. geni~ulata (Table 7). Total emergence of seedlings 
from seed from various inoculations with Q. sorokiniana + f. geniculata in 
autoclaved soil was significantly lower than that with D. sorokiniana 
alone and significantly greater than that with f. geniculata (Table 7). 
Inoculations with D. sorokiniana +A. alternata in each soil condition re-
sulted in total seedling emergence significantly below that of A. alternata 
alone, but not significantly different than that with Q. sorokiniana 
(Table 7). Total emergence of seedlings from seed from various inocula-
tions with f. geniculata + 6· alternata in unsterilized and steamed soil 
was significantly lower than that with A. alternata alone, but not signif-
icantly different than that with f. geniculata; however, total seedling 
emergence with f . geniculata + ~· alternata in autoclaved soil was signif-
icantly lower than that of A. alternata alone, but was significantly great-
er than that of C. geniculata alone (Table 7). 
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Rate of seedling emergence The CVE rates of seedlings from seed 
from variou~ inoculations with organism combination treatments were af~ 
fected by soil conditioning (Table 8). The CVE rate of seedlings from 
seed from various inoculations with D. sorokiniana + C. geniculata was 
significantly lower than that of the control in each soil condition, 
while CVE rates of seedlings from seed from various inoculations with 
D. sorokiniana +A. alternata and C. geniculata + ~· alternata were not 
significantly different in each soil condition (Table 8). The CVE rates 
of seedlings from seed from various inoculations with Q. sorokiniana + 
C. geniculata in steamed and autoclaved soil were the lowest of all com~ 
binations and all soil conditions (Table 8). 
The CVE rates of seedlings from seed from various inoculations with 
D. sorokiniana +f. geniculata, Q. sorokiniana + ~· alternata, and the 
controls were significantly greater in unsterilized soil than in steamed 
or autoclaved soil (Table 8). The CVE rates of seedlings from seed from 
various inoculations with f. geniculata +A· alternata was significantly 
lower in steamed soil than in unsterilized or autoclaved soil (Table 8). 
The CVE rate of seedlings from seed from various inoculations with 
D. sorokiniana + C. geniculata was not significantly different than that 
with D. sorokiniana and significantly lower than that with l· geniculata 
in unsterilized and steamed soil, but in autoclaved soil the CVE rate was 
significantly lower than that with either organism alone (Table 8). The 
CVE rate of seedlings from seed from various inoculations with D. soro-
kiniana + A. alternata was significantly greater than that with Q. 
sorokiniana but not different than that with A. alternata alone in 
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unsterilized and steamed soil? in autoclaved soil, however, the CVE rate 
was not significantly different than that with~· sorokiniana and was 
significantly lower than that with~· alternata (Table 8). The CVE rate 
of seedlings from seed from various inoculations with~· geniculata + 
A. alternatq from all soil conditions was not significantly different than 
that of either organism alone (Table 8). 
Seedling mortality Seedling mortality from seed from various in-
oculations with D. sorokiniana + C. geniculata was significantly greater 
than that of the control in steamed and autoclaved soil, but was not signif-
icantly different than that of the control in unsterilized soil (Table 9). 
Seeds inoculated with D. sorokiniana + A. alternata resulted in seedling 
mortality significantly greater than that of the control of all soil 
conditions (Table 9). Seedling mortality with~· geniculata + ~· alternata 
inoculated seeds was greater than that of the control in unsterilized 
soil, but was not significantly different than that of the control in 
steamed or autoclaved soil (Table 9). Drechslera sorokiniana +A. alter-
nata inoculations in autoclaved soil resulted in the greatest seedling 
mortality from the organism combinations and soil conditions (Table 9). 
Seedling mortality from seed from various inoculations with~· soro-
kiniana + ~. geniculata was significantly greater in steamed soil than in 
unsterilized or autoclaved soil (Table 9). Seedling mortality from seed 
from various inoculations with D. sorokiniana + ~· alternata was signifi-
cantly greater in autoclaved soil than in unsterilized or steamed soil 
(Table 9). Soil conditioning did not affect seedling mortality of seed 
from various inoculations with C. geniculata +A. alternata (Table 9). 
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Inoculations of seed with D. sorokiniana + C. geniculata in unsteri-
lized soil resulted in seedling mortality not significantly different than 
that with either organism alone; inoculations with Q. sorokiniana + C. 
geniculata in steamed soil resulted in seedling mortality significantly 
lower than that of D. sorokiniana alone and significantly greater than 
that of C. geniculata alone (Table 9). Inoculations with D. sorokiniana 
+ ~· geniculata in autoclaved soil produced seedling mortality significant-
ly lower than that with~· sorokiniana alone, but was not significantly 
different than that with C. aeniculata (Table 9). Seedling mortality 
from seed from various inoculations with D. sorokiniana +A. alternata in 
unsterilized soil was not significantly different than that with either 
organism alone (Table 9). Seedling mortality from seed from various inocu-
lations with D. sorokiniana +A. alternata was significantly lower than 
that with~· sorokiniana and significantly greater than that with A. alter-
nata (Table 9). Drechslera sorokiniana +A . alternata seed inoculations 
in autoclaved soil resulted in seedling mortality not significantly differ-
ent than that with~· sorokiniana, but significantly greater than that 
with~· alternata (Table 9). Seedling mortality from seed from various 
inoculations with~· geniculata + _ ~. alternata in unsterilized soil was 
significantly greater than that with~· geniculata, but not significantly 
different than that with~· alternata (Table 9). Curvularia geniculata 
+A. alternata seed inoculations in steamed and autoclaved soil resulted 
in seedling mortality levels not significantly different than that with 
either organism alone (Table 9). 
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Reisolations Soil conditioning had little influence on the per-
centage reisolation of the organisms from diseased seedlings of organism 
combination treatments (Table 10). The percentage reisolation of C. 
geniculata from seedlings of seeds variously inoculated with D. sorokin-
iana +f. geniculata was significantly greater than the percentage reiso-
lation of D. sorokiniana in each soil condition (Table 10). The percentage 
of D. sorokiniana and C. geniculata from seedlings of seeds from various 
inoculations with Q. sorokiniana + ~· geniculata was significantly greater 
in steamed and autoclaved soil than in unsterilized soil (Table 10). 
Reisolation of Q. sorokiniana from seedlings of seed from various inocula-
tions with D. sorokiniana +A. alternata was significantly greater than 
the reisolation of A. alternata in all soil conditions and was significant-
ly greater in steamed soil than in unsterilized or autoclaved soil (Table 
10). The reisolation of~· geniculata from seedlings of seeds from various 
inoculations with C. geniculata + ~· alternata was significantly greater 
than the reisolation of A. alternata in all other soil conditions and was 
significnatly greater in steamed soil than in unsterilized or autoclaved 
soil (Table 10). 
Specific Effects of Nitrogen Form 
and Concentration on Pathogenesis 
Inoculations with individual organisms 
Seedling emergence Applications of ammonium sulfate or calcium 
nitrate reduced total seedling emergence of seeds exposed to individual 
organism treatments over all inoculation methods and soil conditions (Table 
11). However, soil applied nitrogen also reduced total seedling emergence 
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of controls (Table 11). Specific effects of nitrogen form on pathogenesis 
are evident ~tlithin nitrogen molarities applied to the soil (Table 12). 
Ammonium sulfate and calcium nitrate significantly reduce total emergence 
of the controls at concentrations of 10- 2M and 10- 3M (Table 12) . Applica-
tions of nitrogen at 10-
3
M had no significant effect on total emergence 
of uninoculated controls (Table 12). However, 10- 3 M ammonium sulfate and 
calcium nitrate significantly reduced total seedling emergence of seed 
from various inoculations with C. geniculata and with A. alternata below 
that of the unfertilized controls (Table 12). Applications of 10-
3
M 
nitrogen had no significant effect on total seedling emergence of seed 
from various inoculations with D. sorokiniana, but 10-
2 ~1 ammonium sulfate 
-2 
significantly reduced total seedling emergence below that of 10 M 
calcium nitrate and unfertilized D. sorokiniana treatments (Table 12). 
Table 11. Total seedling emergence of Festuca rubra from seed inoculations 
with Drechslera sor.pkiniana, Curvularia qeniculata, and Alter-
naria alternata and their various combinations as influenced by 
soil applied nitrogen.! 
Nitrogen form 
Organism Treatments Ammonium Calcium H20 
su lfate nitrate 
Drechslera soroki ni ana 58.41 a/a 59.57 a/a 67.87 a/b 
Curvul aria geniculata 48.52 b/a 49.61 b/a 59.54 b/b 
Alternaria al ternata 65.24 c/a 66.87 c/a 76.43 c/b 
Drechslera + Curvularia 49.07 bd/a 49.78 b/a 59.44 b/b 
Drechslera + Alternaria 59.96 a/a 61.31 a/a 67.17 a/b 
Curvularia +Alternaria 51.02 d/a 51.63 b/a 64.65 d/b 
Control 66.35 c/a 65.80 c/a 75.52 c/b 
lTotal seedling emeroence (%) of F. rubra is avera0e of two replica-
tions over all mola~ities : inoculation~ethods and soil mix conditions. 
Numbers followed by the same letter among organisms within nitrogen forms 
(down a/ ) or among nitrogen forms within organisms (across /a) are not 
significantly different. LSD (5%) = 2.29. 
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Table 12. Total seedling emergence of Festuca rubra seed inoculations with 
Drechslera sorokiniana, Curvularia gen1culata, and Alternaria 
0lternata and their variou s combinations as influenced by soil 
applied nitrogen form and molarity. 1 
~1o 1 a rity and 
organism 
------- Nitrogen form ------
AmmoniufTI sulfate Ca lciufTI nitrate 
-----------------------------------------------
10 M 
Drechslera sorokiniana 
Curvularia geniculata 
Alternaria alternata 
Drechslera + Curvularia 
Drechslera +Alternaria 
Curvularia +Alternaria 
Control 
-3 
10 ~1 
Drechslera sorokiniana 
Curvularia geniculata 
Alternaria alternata 
Drechslera + Curvularia 
Drechslera + Alternaria 
Curvularia + Alternaria 
Control 
10- 4 M 
Drechslera sorokiniana 
Curvularia geniculata 
Alternaria alternata 
Drechslera + Curvularia 
Drechslera +Alternaria 
Curvularia +Alternaria 
Control 
44.72 a/a/a 
35.28 b/a/a 
62.00 c/a/a 
33.83 b/a/a 
51.72 d/a/a 
37.17 b/a/a 
55.00 d/a/a 
64.83 a/b/a 
55.72 b/b/a 
64.11 a/a/a 
56.28 b/b/a 
61.28 a/b/a 
56.00 b/b/a 
75.22 c/b/a 
65.67 a/b/a 
54.56 b/b/a 
69.61 a/b/a 
57.11 bc/b/a 
66.89 a/c/a 
59.89 c/b/a 
68.83 a/c/a 
51.17 a/a/b 
35.50 . bd/a/a 
60.17 c/a/a 
34.06 b/a/a 
54.78 a/a/a 
38.56 d/a/a 
53.78 a/a/a 
63.17 a/b/a 
57.11 b/b/a 
66.72 a/b/a 
57.17 b/b/a 
64.72 a/b/ab 
55.83 b/b/a 
75.94 c/b/a 
64.39 ad/b/a 
56.22 b/b/a 
73.72 c/c/b 
58. 11 b/b/a 
64.44 ad/b/a 
60.50 a/c/a 
67.67 d/c/a 
66.39 a/a/c 
49.61 b/a/b 
77.22 c/a/b 
43.83 d/a/b 
61.78 e/a/b 
55.17 f/a/b 
70.72 g/a/b 
66.39 ac/a/a 
63.17 a/b/b 
71.44 b/b/b 
65.00 ac/b/b 
66.33 ac/b/b 
69.00 c/b/b 
78.88 d/b/a 
70.83 a/b/b 
65.83 b/b/b 
80.61 c/a/c 
69.50 a/c/b 
73.39 ad/c/b 
69.78 a/b/b 
76;94 cd/b/b 
lTotal seedling emergence (%)of £.rubra is average of two replica-
tions over all inoculation methods and soil mix conditions. Numbers followed 
by the same letter among organisms within nitrogen forms and molarities 
(down a/ I ), or among nitrogen molarities within organisms and nitrogen 
forms (down /a/ ), or among nitrogen forms within organisms and nitrogen 
molarities (across I /a) are not significantly different. LSD (5%) = 3.97. 
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Rate of seedling emergence Nitrogen applications significantly 
reduced the CVE rate of control seedlings (Table 13). This also was true 
for CVE rates of seedlings from seed from various inoculations with the 
individual organism treatments, except that ammonium sulfate applied to 
soil with seed from various inoculations with C. geniculata reduced the 
CVE rate of seedlings below that of calcium nitrate fertilized soil with 
seed f rom various inoculations with 1· geniculata (Table 13). Ammonium 
- 2 
sulfate at 10 M significantly reduced the CVE rate of seedlings from 
various inoculations with D. sorokiniana below that of 10-
2 
M calcium 
nitrate fertilized soil with seed from various inoculations with D. soro-- --
_Q. 
kiniana . Ammonium sulfate at 10 M significantly reduced the CVE rate 
of seedlings from seed from various inoculations with A. alternata below 
_ 4 
that of 10 M calcium nitrate fertilized soil with seed from vari ous 
inoculations with A. alternata (Table 14). 
Seedling mortality and reisolations Soil applied nitrogen had no 
significant effect on seedling mortality from seed from various inocula-
tions with individual organism or on controls (Tables 15 and 16). Nitrogen 
also failed to affect organism reisolations (Table 17). 
Inoculation s with combinations of organisms 
Seedling emergence Nitrogen applications reduced total emergence 
of seedlings from seed from various inoculati ons with organism combi nati ons 
3 
(Table 11). Both nitrogen sou rces applied to the soil at 10- M signifi-
cantly reduced total emergence of seedlings from seed from various inocu-
lations with D. sorokini ana + ~ · geniculata, ~ · sorokiniana +A. alternata, 
42 
Table 13. Rate of seedling emergence (CVE) of Festuca rubra seed inocula-
tions with Drechslera sorokiniana, Curvularia geniculata, and 
Alternaria Rlternata and their various combinat1ons as lnflu-
enced by soil applied nitrogen. 1 
Nitrogen form 
Ammonium Calcium H20 Organism treatments sulfate nitrate 
Drechslera sorokiniana 14.40 ab/a 14.47 a/a 15.57 a/b 
Curvularia geniculata 14.12 a/a 14.76 ab/b 16.56 b/c 
Alternaria alternata 14.61 b/a 15.01 b/a 16.92 b/b 
Drechslera + Curvularia 13.05 c/a 13.09 c/a 14.89 c/b 
Drechslera + Alternaria 15.77 d/a 15.91 d/a 16.70 b/b 
Curvularia + Alternaria 14.65 b/a 15.23 b/b 17.01 b/ c 
Control 14.70 b/a 15.08 b/a 16 .66 b/b 
1CVE rates expressed are averages of two replications over all 
molarities, inoculation method s, and soil mix conditions. Number s fol-
lowed by the same letter among organisms with nitrogen forms (down a/ ) 
or among nitrogen forms within organisms (across /a) are not signifi-
cantly different. LSD (5%) = 0.48. Larger number signifies faster 
emergence of 100 seeds. 
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but 10-
3 
t1 nitrogen did not significantly reduce total seedling emergence 
of controls (Table 12). 
Rate of seedling emerqence Both ammonium sulfate and calcium 
nitrate significantly lowered CVE rates of seedlings from seed from various 
inoculations with organism combinations and of the controls. Ammonium 
sulfate also significantly lowered the CVE rate of seedlings from seed 
from various inoculations with f. geniculata + ~· alternata below that of 
calcium nitrate with f. geniculata + ~· alternata (Table 13). Applications 
of 10-
2
M ammonium sulfate significantly lowered the CVE rate of seedlings 
from seed from various inoculations with D. sorokiniana +A. alternata 
_ 2 
below that of 10 calcium nitrate with D. sorokiniana +A. alternata 
(Table 14). 
Seedling mortality and reisolations Nitrogen applications signif-
icantly inhibited mortality of seedlings from seed from various inocula-
tions with D. sorokiniana +A. alternata (Table 15). The inhibition was 
evident with 10-
2
M and 10-
3 
M nitrogen (Table 16). Nitrogen did not 
influence reisolations from diseased seedlings from the combination 
treatments (Table 17). 
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Table 14. Rate of seedling emergence (CVE) of Festuca rubra seed inocula-
tions with Drechslera soro kiniana, Curvularia geniculata, and 
Alternaria alternata and their various combinations as influ-
enced by soil applied nitrogen form and molarity. 1 
Mo l ar ity and 
Organ i sm 
10 ~1 
Drechslera sorokiniana 
Curvularia aeniculata 
Alternaria alternata 
Drechslera + Curvularia 
Drechslera +Alternaria 
Curvularia +Alternaria 
Control 
_ 3 
10 -M 
Drechslera sorokiniana 
Curvularia geniculata 
Alternaria alternata 
Drechslera + Curvularia 
Drechslera +Alternaria 
Curvularia + Alternaria 
Control 
4 
10 M 
Drechslera sorokini ana 
Curvularia geniculata 
Alternaria alternata 
Drechslera + Curvularia 
Drechslera +Alternaria 
Curvularia +Alternaria 
Control 
Nitrogen form------
Ammoniu~ sulfate Cal cium nit ra te 
9.93 a/a/a 
11.29 be/a/a 
12 . 91 c/a/a 
9.36 a/a/a 
13.46 c/a/a 
10.69 ad/a/a 
10.78 d/a/a 
18.88 a/b/a 
16.13 bc/b/a 
15.84 b/b/a 
16.93 c/a/a 
16.89 c/b/a 
16.93 c/b/a 
18.56 a/b/a 
14.38 a/c/a 
14.95 a/c/a 
15.09 a/b/a 
12.85 b/c/a 
16.96 c/b/a 
16.34 c/b/a 
14 . 76 a/c/a 
10.79 a/a/b 
11.82 b/a/a 
12.67 c/a/a 
9.64 d/a/a 
14.13 e/a/b 
11.20 ab/a/a 
10.95 a/a/a 
18.72 a/b/a 
16.72 bc/b/a 
16.28 b/b/a 
16.69 bc/b/a 
16.70 bc/b/a 
17.43 c/b/a 
19.27 a/b/a 
13.91 a/c/a 
15.74 be/c/a 
16.06 b/b/b 
12.95 c/c/a 
16.93 d/b/a 
17.06 d/b/a 
15.01 e/c/a 
12.46 ad/a/c 
13.35 b/a/b 
15.29 c/a/b 
11.89 a/a/b 
14.69 c/a/b 
12.96 bd/a/b 
12.79 bd/a/b 
19.75 a/b/b 
18.56 b/b/b 
17.89 bc/b/b 
18.38 b/b/b 
17.42 c/b/a 
19.7r a/b/b 
20.62 a/b/b 
14.51 a/c/a 
17.77 b/b/b 
17.58 b/b/c 
14.41 a/c/b 
17.98 b/b/b 
18.37 b/c/b 
16.58 cjc/b 
1CVE rates expressed are averages of two replications over all inocula-
tion methods and soil mix conditions. Numbers followed by the same letter 
among organisms within nitrogen forms and molarities (down a/ I ), or among 
nitrogen molarities within organisms and nitrogen forms (down /a/ ), or 
among nitrogen forms within organisms and nitrogen molarities (across I /a) 
are not significantly different. LSD (5%)=0.83. Larger number signifies 
faster emergence of 100 seeds. 
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Table 15. Seedling mortality of Festuca rubra seed inoculations with 
Drechslera sorokiniana, Curvularia geniculata and Alternaria 
alternata and their various combinations as influenced by 
so1l applied nitrogen.l 
Nitrogen form 
Organism treatment Ammonium sulfate Calcium nitrate H20 
Drechslera sorokiniana 2.13 a/a 2.28 a/a 2.02 a/a 
Curvularia geniculata 0. 28 b/a 0.22 b/a 0.33 be/a 
Alternaria a 1 ternata 0.33 b/a 0.31 be/a 0.37 be/a 
Drechslera + Curvularia 0. 72 c/a 0.63 c/a 0.93 c/a 
Drechslera +Alternaria 1. 22 d/a 1.11 d/a 1. 59 d/b 
Curvularia +Alternaria 0.48 be/a 0.44 be/a 0.67 b/a 
Contra 1 0.24 b/a 0.13 b/a 0.24 e/a 
1Figures expressed are the average number of seedlings that col-
lapsed out of 100 seeds of two replications over all molarities, inocula-
tion methods, and soil mix conditions. Numbers followed by the same 
letter among organisms within nitrogen forms (down a/ ) or among nitrogen 
forms within organisms (across /a) are not significantly different. 
LSD (5%) = 0.35. 
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Tab_le 16. Seedlin9 mortality of Festuca rubra seed inoculations 1•1ith 
Drechslera sorokiniana, Curvularia qeniculata and Alternaria 
alternata and their various combinations as influenced by 
soil applied nitronen form and molarity. 1 
Nitrogen form 
Mol arity and H2o Organism A~monium sulfate Calcium nitrate 
_ 2 
10 M 
Drechslera sorokiniana 2.56 a/a/a 2.06 a/a/ab 1. 78 a/a/b 
Curvularia geniculata 0.39 b/a/a 0.33 b/a/a 0.50 b/a/a 
Alternaria alternata 0.17 b/a/a 0.11 b/a/a 0.11 b/a/a 
Drechslera + Curvularia 0.22 b/a/a 0.44 b/a/a 0.11 b/a/a 
Drechslera + A lterna ria 1.44 c/a/a 1. 61 c/a/ab 2.06 a/a/b 
Curvul aria + Alternaria 0.22 b/a/a 0.50 b/a/a 0.44 b/a/a 
Control 0.28 b/a/a 0.17 b/a/a 0.28 b/a/a 
_3 
10 M 
Drechslera sorokiniana 2.67 a/a/a 3. 39 a/b/b 2.94 a/b/ab 
Curvularia geniculata 0.33 b/a/a 0.22 b/a/a 0.44 b/a/a 
Alternaria alternata 0.44 be/a/a 0.44 b/a/a 0.78 bc/b/a 
Drechslera + Curvularia 0.89 cd/b/a 0.78 b/a/a 1.33 cd/b/a 
Drechslera + A lterna ria 1. 22 d/a/ab 0.67 b/b/a 1. 72 d/a/b 
Curvularia +Alternaria 0.44 be/a/a 0.33 b/a/a 1.11 cd/b/b 
Control 0.44 be/a/a 0.22 b/a/a 0.44 b/a/a 
_4 
10 M 
Drechslera sorokiniana 1.67 a/b/a 1.39 ac/c/a 1. 33 a/a/a 
Curvularia geniculata 0.11 bd/a/a 0.11 bd/a/a 0.06 b/a/a 
Alternaria a 1 tern a ta 0.39 bd/a/a 0.39 bd/a/a 0.22 b/ab/a 
Drechslera + Curvularia 1.06 c/b/a 0.67 bc/a/ab 0.33 b/a/b 
Drechslera + A lterna ria 1.00 c/a/a 1.06 c/ab/a 1.00 a/b/a 
Curvularia + Alternaria 0.78 be/a/a 0.50 bed/a/a 0.44 b/a/a 
Control 0.00 d/a/a 0.00 d/a/a 0.00 b/a/a 
1Figures expressed are the average number of seedlings that collapsed 
out of 100 seeds of two replications over al l inoculation methods and soil 
mix conditions. Numbers followed by the same letter among organisms within 
nitrogen forms and molarities (down a/ I ), or among nitrogen molarities 
within organisms and nitrogen forms (down /a/ ), or among nitrogen forms 
within organisms and nitrogen molarities (across I /a) are not significantly 
different. LSD (5%) = 0.60. 
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Table 17. Reisolation of organisms from diseased Festuca rubra seedlings from seed inoculations with 
Drechslera sorokiniana, Curvularia geniculata, and A1ternaria alternata and their various 
combinations as influenced by soil applied nitrogen~ 
Number of Organisms reisolated (%}2 
Nitrogen form diseased Drec hs 1 era Curvul aria Alternaria 
and organism seedlings sorokiniana C)eniculata a lternata Combination 
Ammonium sulfate 
Drechslera sorokiniana 39 74 a/a/a 5 ad/a/b 0 a/a/b 0 a/a/b 
Curvularia qeniculata 19 0 b/a/a 67 b/a/b 0 a/a/a 0 a/a/a 
Alternaria alternata 16 0 b/ a/ a 6 ad/a/ab 12 bc/a/b 6 ab/a/ab 
Drechslera + Curvularia 21 23 c/a/a 54 c/a/b 0 a/a/c 9 ab/a/c 
Drechslera +Alternaria 48 60 d/a/a 0 a/a/b 11 bc/a/c 8 ab/a/ac 
Curvularia + Alternaria 22 9 b/ab/a 10 d/a/a 9 ab/a/a 9 ab/ab/c 
Centro 1 16 19 c/a/a 0 a/a/b 19 c/a/a 12 b/a/a 
Calcium riitrate 
Drechslera sorokiniana 37 76 a/a/a 0 a/a/b 8 a/a/b 5 a/a/b 
Curvularia geniculata 14 0 b/a/a 64 b/a/b 0 a/a/a 0 a/a/a 
Alternaria alternata 10 0 b/a/a 10 c/a/b 0 a/b/a 0 a/a/a 
Drechslera + Curvularia 25 8 c/b/a 54 d/a/b 8 a/a/a 4 a/a/a 
Drechslera +Alternaria 42 66 d/a/a 0 a/a/b 7 a/a/b 7 a/a/b 
Curvularia + Alternaria 22 3 b/a/ab 11 c/a/a o a/a/a 0 a/a/a 
Control 13 15 e/a/a 0 ac/a / b 31 b/b/ c 0 a/b/b 
H2o -
Drechslera soro kiniana 41 83 a/a/a 0 a/a/b 0 a/a/b 2 ab/a/b 
Curvularia geniculata 14 0 b/a/a 64 b/a/b 0 a/a/a 0 a/a/a 
Alternaria alternata 10 12 c/b/a 12 c/a/"a 38 b/c/b 0 a/a/c 
Drechslera + Curvularia 19 42 d/ c/a 26 d/b/b 0 a/a/c 0 a/a/c 
Drechslera +Alternaria 45 68 e/a/a 2 a/a/b 2 a/a/b 11 b/a/b 
Curvularia +Alternaria 24 13 c/b/a =39 e/b/b 0 a/a/c 13 b/b/a 
Control 10 1n c/b/a 0 cd/a/b 0 a/c/b 10 b/a/a 
1Figures expressed are the average number of diseased seedlings collected per 100 seeds 
from two replications over all molarities, inoculation methods, and soil mix conditions. 
2Figures expressed are the percentage reisolation of each organism or combination from the 
diseased seedlings. Numbers followed by the same letter among organism treatments within nitrogen 
forms and reisolated organisms (down a/ I ), or among nitrogen forms within organism treatments 
and reisolated organisms (down /a/ ), or among reisolated organisms within organism treatments 
arid nitrogen forms (across I /a) are not significantly different. LSD (5%) = 9.00. 
~<:::, 
::::0 
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Interactions of Nitrogen Fom and t~olarity 
wit~ Inotulation M~thods and Soil nix Conditioning 
Both inoculation methods and soil mix conditioning influenced the 
effect of nitrogen on pathogenesis. Soil conditioning also influenced 
the effect of nitrogen on the reduction of total seedling emergence of 
uninoculated Festuca rubra seed (Table 18). 
_ 2 
Applications of 10 M 
concentrations of either form of nitrogen significantly reduced total 
_ 4 
emergence in all soil conditions, but 10 M concentrations of either 
nitrogen form significantly reduced total emergence in unsterilized and 
steamed soil mixes and had no significant effect in autoclaved soil 
(Table 18). 
Inoculation methods influenced the effect of nitrogen on total seed-
ling emergence of seedlings from organism treatments (Table 19). Ammonium 
sulfate significantly reduced total seedling emergence belo~ that of cal-
cium nitrate in soil inoculated with Drechslera sorokiniana and seed inoc-
ulated with Alternaria alternata (Table 19). 
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Table 18. Total seedling emergence of Festuca rubra from uninoculated seed 
as influenced by soil mix condition andlnitrogen form and 
nitrogen molarity.l 
S~il mi x condition 
and nitrogen form 
Unsterilized 
Ammonium sulfate 
Calcium nitrate 
H2o 
Steamed 
Ammonium sulfate 
Calcium nitrate 
H2o 
Autoclaved 
Ammonium sulfate 
Calcium nitrate 
H20 
-----Nitrogen molarity-----
~ 2 
10 M 
53.67 a/a/a 
59.00 a/a/a 
73.00 b/a/a 
46.50 a/b/a 
35.00 b/b/a 
65.33 c/b/a 
64.83 a/c/a 
67.33 ab/c/a 
73.83 b/a/a 
~3 
10 M 
75.83 a/a/b 
77.17 a/a/b 
80.50 a/a/b 
69.83 a/b/b 
68.50 a/b/b 
75.17 a/a/b 
80.00 a/a/b 
82.17 a/a/b 
81.00 a/a/b 
~4 
10 M 
62.50 a/a/c 
60.33 a/a/a 
75.17 b/ab/ab 
65.00 a/a/b 
67.33 a/b/b 
74.33 b/a/b 
79.00 a/b/b 
75.33 a/c/c 
81.33 a/b/b 
1Total seedling emergence (%) of Festuca rubra is the average 
of two replications over all inoculation methods. Numbers followed by 
the same letter among nitrogen form within soil mix conditions and nitro~ 
gen molarities (down a/ I ), or among soil mix conditions within nitro~ 
gen form and molarities (down /a/ ), or among nitrogen molarities within 
nitrogen form and soil mix conditions (across I /a) are not significantly 
different. LSD (5%) = 6.87. 
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Table 19. Total seedling emergence of Festuca rubra from seed from various 
inoculations with Drechs l era sorokiniana, Curvularia geniculata, 
and Alternaria alternata ;ind their various combinations as ln-
fluenced by nitroqen form and inoculation method. 1 
--------Nitrogen form-------
Inoculation method 
and organism Ammonium sulfate 
Soil inoculation 
Drechslera sorokiniana "53.61 a~/~/a 
Curvularia geniculata 51.78 a/a/a 
Alternaria alternata 63.83 b/a/a 
Drechslera + Curvularia 51.11 a/a/a 
Drechslera + Alternaria 55.94 cd/a/a 
Curvularia +Alternaria 59.61 d/a/a 
Control 64.39 e/a/a 
Seed inoculation 
Drechslera sorokiniana 
Curvularia geniculata 
Alternaria alternata 
Drechslera + Curvularia 
Drechslera + Alternaria 
Curvularia +Alternaria 
Control 
Seed i nfesta t ·fon 
Drechslera sorokiniana 
Curvularia geniculata 
Alternaria alternata 
Drechslera + Curvularia 
Drechslera +Alternaria 
Curvularia + Alternaria 
Control 
61.83 a/b/a 
46.89 b/b/a 
63.61 a/a/a 
53.22 c/a/a 
60.89 a/b/a 
49.06 b/b/a 
69.39 d/b/a 
59.78 a/b/a 
46.89 b/b/a 
68.28 c/b/a 
42.89 d/b/a 
63.06 ae/b/a 
44.39 bd/c/a 
65.28 ce/a/a 
Calcium nitrate 
58.17 ad/a/b 
52.17 b/a/a 
62.61 c/a/a 
53.39 b/a/a 
54.28 bd/a/a 
58.50 a/a/a 
63.39 c/a/a 
63.50 a/b/a 
46.72 b/b/a 
68.22 c/b/b 
55.06 d/a/a 
63.72 a/b/a 
51.28 d/b/a 
70.28 c/b/a 
57.06 a/a/a 
49.94 b/ab/ab 
69.78 c/b/a 
50.89 d/b/a 
65.94 cf/b/ab 
45.11 e/c/a 
63.72 f /a/a 
H 0 2 
65.33 ac/a/c 
67.50 a/a/b 
71.72 b/a/b 
72.61 b/a/b 
62.78 c/a/b 
73.78 b/a/b 
74.72 b/a/b 
74.00 ad/b/b 
59.56 b/b/n 
82.50 c/b/c 
62.89 b/b/b 
6.150 a/b/b 
70.83 a/a/b 
77.72 d/a/b 
64.28 a/a/b 
51.56 b/c/b 
75.06 c/a/b 
42.83 d/c/a 
67.22 a/c/b 
49.33 b/b/b 
74.11 c/a/b 
1Total seedling emergence (%)of F. rubra is the average of two repli-
cations over all soil mix conditions. -Numbers followed by the same letter 
among organisms within inoculation methods and nitrogen form (down a/ I ), 
or among inoculation methods within organisms and nitrogen form (down /a/ ), 
or among nitrogen form within organisms and inoculation methods (across 
I '!a) are not significantly different . LSD (5%) = 3.97. 
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DISCUSS I Or! 
The results of this stud~ confirm the pathogenicity of Drechslera 
~ o ro k ini a na on seed on Festuca rubra. Drechslera soro kiniana causes leaf 
lesions and root rots of f. rubra (46). Germination of F. rubra is inhib-
ited by~. sorokiniana (24). The results indicate that D. sorokiniana re-
dutes both total seedling emergence and the CVE rate of£. rubra below 
that of the control (Table 1). Drechs l era sorokiniana also demonstrates 
pathogenicity on F. rubra after emergence. Mortality of seedlings from 
various inoculations with D. sorokiniana is greater than that of the con-
trol (Table 1). Drechslera sorokiniana is reisolated from about 80% of the 
diseased seedlings of seed from various inoculations with D. sorokiniana 
which indicates that D. soro kiniana is an integral factor in seedling mor-
tality (Table 2) . 
The results establish also that Curvularia geniculata is a previously 
unrecognized primary pathogen on germinating seed of F. rubra. Total seed-
ling emergence of seed from the various inoculation methods with C. geni-
culata is lower than that of the control or with D. sorokiniana (Table 1). 
The CVE rate also is inhibited by C. geniculata (Table 1). However, seed-
ling mortality is not increased by inoculations with C. geniculata (Table 
1). This evidence suggests that~· geniculata infects the seed prior to 
germination or during germination. In either instance, the seed or develop-
ing seedling is killed before it emerges from the soil. Curvularia genicu-
lata is reisolated from 55% of the diseased seedlings of seed from various 
inoculations with C. geniculata which suggests that C. geniculata also is 
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capable of attacking F. rubra seedlings after they have emerged from the 
soil (Table 2). 
Although both Q. sorokiniana and f. geniculata inhibit development of 
F. rubra, the modes of pathogenicity appear to differ. The findings that Q. 
sorokiniana both inhibits emergence and causes seedling mortality of[. 
rubra after emergence confirm previous work (24). In a similar manner, 
the finding that f. geniculata inhibits emergence but demonstrates little 
ability to cause seedling mortality after emergence supports previous work 
that suggests f. geniculata can inhibit germination of F. rubra and should 
be considered a weak primary leaf pathogen of species of Gramineae (24, 
25). The results may further strengthen the hypothesis of emerging patho-
genicity of f. geniculata (25). 
The competitiveness of Q. sorokiniana and f. qeniculata as soil patho-
gens is demonstrated by the effects of the various soil conditions on 
their pathogenicity. Drechslera sorokiniana is equally able to reduce 
total seedling emergence and the CVE rate of F. rubra in unsterilized and 
autoclaved soils (Tables 7 & 8). This suggests a capacity of Q. sorokini-
ana to compete with the natural soil microflora of unsterilized soil. How-
ever, mortality of seedlings from seed receiving the various inoculations 
with Q. sorokiniana is greater in autoclaved soil than in unsterilized 
soil (Table 9). Drechslera sorokiniana is reisolated from a greater per-
centage of the diseased seedlings in autoclaved soil than from those in 
unsterilized soil (Table 10). This confirms the results of previous work 
that seed infested with Q. sorokiniana (li. sativum) results in fewer dis-
eased seedlings in unsterilized soil than in steamed soil (34). The soil 
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microflora appear to inhibit the ability of 0. sorokiniana to rot the seed-
ling after emergence. 
Curvularia geniculata does not conpete with the soil microflora as 
well as D. sorokiniana in exhibiting pathogenicity to F. ruhra according 
to the results of this study. Curvularia geniculata is considered to be 
a stronger saprophytic competitor than Q. sorokiniana (6, 13), but C. 
geniculata may not be able to fully express pathogenicity in a competitive 
environnent. Total seedling emergence of seed from various inoculations 
with f. geniculata in autoclaved soil is less than that in unsterilized 
soil (Table 7). Although unsterilized and autoclaved soils do not resu l t 
in differences in CVE rates and seedling mortality of seedlings from 
the various inoculations with f. geniculata (Tables 8 and 9), the per-
centage of f. geniculata reisolated from diseased seedlings produced 
from the various inoculations with C. geniculata is greater in autoclaved 
soil than in unsterilized soil (Table 10). 
The results of soil conditioning indicate that steamed soil inhibits 
emergence and the CVE rate of the c6ntrol (Tables 7 and 8). The tempera-
ture of the steamed soil did not reach that of the autoclaved soil. 
This may have resulted in incompl ete sterilization of the soil which 
could cause an imbalance in the natural soil microflora unfavorable to 
germination and development of F. rubra. 
The soil competitiveness of D. sorokiniana is also indicated by the 
results of various inoculation methods. Total seedling emergence from 
seed in soil infested with, and fron seed infested with, D. sorokiniana 
are similar (Table 3). This result and the low CVE of seedlings in soil 
infested with D. sorokiniana indicate an ability to compete with the soil 
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microflora (Table 4). The possibility that the soil microflora inhibit 
seedling rot by Q. sorokiniana is again indicated by the lower seedling 
mortality from seed in soil infested with D. sorokiniana compared to that 
of seed infestation with D. sorokiniana (Table 5). Also, the percentage 
reisolation of Q. sorokiniana from diseased seedlings in soil infested 
with D. sorokiniana is less than that of seed infested with D. sorokiniana 
(Table 6). 
The results of the effects of inoculation methods indicate that 
C. geniculata requires close contact with the seed and an incubation period 
for greatest pathogenicity to£. rubra. Total seedling emergence of 
seed in soil infested with C. geniculata is less than that of the control, 
but total emergence decreases from soil infestation to seed inoculation 
to seed infestation with I· geniculata (Table 3). This reaction suggests 
that as potential soil microflora competi tion with I· geni culata is re-
duced by inoculation methods favoring its establishment on the seed, total 
emergence decreases. Inoculation methods have no influence on the effect 
of I· geniculata on rate of seedling emergence or seedling mortality 
(Tables 4 and 5), but a greater percentaqe of I· geniculata was reisolated 
from diseased seedlings from inoculation of seed by infestation with C. 
geniculata than from soil infestation or seed inocualtion with I· geniculata 
(Table 6). The results of total seedling emergence and re isolations indi-
cate that I· geniculata is most effective in inhibiting emergence of 
F. rubra in the least competitive situation, i:e., seed infestation, and 
that f. geniculata is reisolated more frequently from diseased seedlings 
resulting from seed infestation. 
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The interrelationships of Q. soro kiniana and~- geniculata are fur-
ther illustrated by the results of various inoculations with D. sorokiniana 
+ C. geniculata. Inoculations with D. sorokiniana + C. geniculata result 
in inhibitory, competitive, and synergistic interactions . The overall 
total seedling emergence of seed from various inoculations with D. sorokini-
ana +C. geniculata is similar to that of C. geniculata alone (Table 1). 
The effects of soil conditioning on total seedling emergence of seed from 
various inoculations with D. sorokiniana + C. geniculata do not alter this 
relationship (Table 7). However, inoculation methods demonstrate the 
complexity of the relationship of these two organisms in affecting emer-
gence of F. rubra. Total seedling emergence of seed in soil infested 
with D. sorokiniana + C. geniculata demonstrates an inhibition of the 
pathogenicity of each organism by total emergence greater than that of 
either organism alone (Table 3). Seed inoculated with D. sorokiniana + 
~- geniculata results in total seedling emergence indicative of competition 
with l· geniculata by D. sorokiniana in that it is greater than that with 
i· geniculata and less than that with Q. sorokiniana (Table 3). Total 
seedling emergence of seed infested with D. sorokiniana +C. geniculata 
is lower than that with either organism alone and is indicative of a 
synergistic interaction between the organisms (Table 3). 
The relationship of~· sorokiniana and~· geniculata to each other 
seems to change with each inoculation method. Curvularia geniculata seems 
to be the key organism in the relationship. Total seedling emergence of 
seed infested with Q. sorokiniana + C. geniculata and with C. geniculata 
alone is the lowest of the three inoculation methods (Table 3). Where 
C. geniculata is less pathogenic as in soil infestation, D. sorokiniana 
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plays a more important role in the relationship; but where~· geniculata 
is better able to infect the seed as in se~d infestation, Q. sorokiniana 
acts to synergistically increase the effect of f. geniculata. 
The relationship of n. ~orokiniana and~. geniculata is further 
clarified by the results of the combined effects of soil conditioning and 
inoculation ~ethods on CVE rates, seedling mortality, and reisolations 
from seed of various inoculations with D. sorokiniana +f. geniculata. 
The overall CVE rate of seedlings from seed from the various inoculations 
with Q. sorokiniana +f. geniculata is lower than that with either organism 
alone (Table 1). This synergistic response is evident only in autoclaved 
soil and only vJith seed infestation method with Q. sorokiniana + ~: geni-
culata (Tables 7 and 3), which again represents the conditions under which 
~· geniculata expresses greater pathogenicity. The overall seedling 
mortality of seed from various inoculations with Q. sorokiniana + C. 
geniculata is lower than that with Q. sorokiniana and greater than that 
with C. geniculata (Table 1). Curvularia geniculata appears to compete 
with D. sorokiniana in seedling mortality in unsterilized and steamed 
soils because seedling mortality of seed from various inoculations with 
D. sorokiniana + C. geniculata in these soil conditions is less than that 
with D. sorokiniana and greater than that with C. geniculata (Table 9). 
However, f. geniculata assumes the major competitive role in autoclaved 
soil as indicated by the reduction in seedling mortality of seed from 
various inoculations with D. sorokiniana + C. geniculata as with C. geni-
culata alone, whereas autoclaved soil results in the greatest seedling 
mortality of seed from various inoculations with D. sorokiniana (Table 9). 
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It seems that f. geniculata 1 not Q. sorokiniana, prevents emergence of the 
seedlfng in inoculations with D. sorokiniana +f. geniculata in auto-
claved soil. This is further supported by the greater percentage reiso-
lation of C. geniculata than Q. sorokiniana from diseased seedlings from 
seed from various inoculations with D. sorokiniana + f· geniculata in auto-
claved soil (Table 10). The mortality of seedlings from seed from each 
inoculation with D. sorokiniana + C. geniculata is lower than that with 
D. sorokiniana and greater than that with f. geniculata, but it does not 
increase from soil infestation to seed infestation as it does with inocu-
lations with Q. sorokiniana (Table 5). This indicates that f. geniculata 
inhibits the ability of Q. sorokiniana to cause seedling rot of F. rubra. 
This also is illustrated by the result that D. sorokiniana is reisolated 
from 35% of diseased seedlings from seed in soil infested with D. soro-
kiniana +f. geniculata, but is not reisolated from any of the diseased 
seedlings from seed infested with D. sorokiniana +C. geniculata (Table 6). 
Although~· alternata is a common soil fungus and does cause disease 
in some plant species (4, 18, 19), the results of this study indicate no 
pathogenicity of A· alternata to germinating seed and developing seedlings 
of F. rubra. Total seedling emergence, CVE rates, and seedling mortality 
of seed from various inoculations with A. alternata do not differ from 
those of the control (Table 1). Alternaria alternata is reisolated from 
diseased seedlings of seed from various inoculations with A. alternata 
less than from the control (Table 2). These results support the lack of 
evidence indicating pathogenicity of~. alternata on F. rubra. 
The addition of A. alternata to D. sorokiniana and C. geniculata seems 
to inhibit the patho genicity of these two organisms. Th e CVE rate of 
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seedlings from the various inoculations with D. sorokiniana +A, alternata 
is greater than that with Q. sorokiniana alone (Table 1). The seedling 
mortality and percentage reisolation of D. sorokiniana from diseased 
seedlings from seed from various inoculations with D. sorokiniana + 
A. alternata are less than those with D. sorokiniana (Tables 1 and 2) . 
Similarly, total seedling emergence and the CVE rate of seedlings from 
seed from various inoculations with l· geniculata +A· alternata are 
greater than those with l· geniculata alone (Table 1) . Seedling mortality 
and the percentage reisolation of l· geniculata from diseased seedlings 
of seed from the various inoculations ~rif h l· geniculata + A. alternata 
are less than those with l· geniculata (Tables 1 and 2). 
Applications of nitrogen have a direct influence on seedling emergence 
of F. rubra and have an influence on the effect of the three organisms 
on F, rubra. Festuca rubra appears to be sensitive to both ammonium 
sulfate and calcium nitrate. This is shown by the results that both 
nitrogen forms reduce total seedling emergence and CVE rates of the control 
below those of the unfertilized control (Tables 11 and 12). This effect 
is related to the concentration of ammonium sulfate and calcium nitrate. 
3 
For both forms of nitrogen applied to soil, 10 M is the optimum concen-
tration for emergence of£ . rubra (Table 13). 
_2 _4 
Both 10 M and 10 M 
concentration of the two nitrogen forms result in reduced total seedling 
emergence of the uninoculated control compared to the unfertilized control 
(Table 13). The possibility that the reduction in total seedling emer-
_2 - 4 
gence by 10 M and 10 M concentrations of 5oth nitrogen forms is the 
result of two different mechanisms is illustrated by the influence of 
soil conditioning on this relationship (Table 18). First, either 
60 
nitrogen form at 10- 2 M is probably too concentrated and is directly toxic 
to F. rubra because it results in reduced total seedling emergence of 
the uninoculated control in each soil condition (Table 18) . However, 
4 ' 
10- M ammonium sulfate or calcium nitrate reduced total seedling emergence 
of the uninoculated control in unsterilized and steamed soils, but not in 
autoclaved soil (Table 18). 
_4 
This indicates that the effect of 10 M 
nitrogen in reducing total seedling emergence of F. rubra may be due to 
an influence on the natural soil microflora. 
The nitrogen sensitivity of f. rubra masks the effect of nitrogen on 
the influence of the three organisms on F. rubra. Ammonium sulfate of 
_ 2 - 2 
10 M has a greater influence on D. sorokiniana than does . 10 M calcium 
nitrate. Total seedling emergence and the CVE rate of seedlings from 
seed from the various inoculations with D. sorokiniana are lower with 
the addition 10-
2 
M ammonium sulfate than with 10-
2 
M calcium nitrate 
(Table 16). Also, total seedling emergence of seed in soil infested with 
D. sorokiniana and fertilized with ammonium sulfate is lower than that 
fertilized wtih calcium nitrate (Table 19). These results are supported 
by previous work that shows D. sorokiniana to utilize ammonium nitrogen 
in preference to nitrate forms (48). 
Nitrogen also influences the effect of f. geniculata and A. alternata 
3 
on F. rubra. While 10- M nitrogen does not reduce total seedling emer-
_ 3 
gence of the control, 10 M ammonium sulfate or calcium nitrate do result 
in reduced total emergence of seed from various inoculations with C. 
geniculata and A. alternata (Table !2). The same relationship is true 
for inocu lations with f. g_eniculata +A. alternata (Table 12). These 
61 
results also are supported by previous work that has shown f. pallescens 
results in good growth .:L!!_ vitro vJith application of ammonium nitrate (20, 
43), and A. alternata to better utilize ammonium than nitrate nitrogen · 
(38). 
62 
SUMMARY 
Drechslera sorokiniana, a pathogen on grasses, was confirmed as a 
pathogen on germination and seedling establish~ent of Festuca rubra. 
Curvularia geniculata was established as a pathogen of germinating seed of 
F. rubra. Drechslera sorokiniana was capable of rotting the seedling 
after e~ergence, while f. geniculata demonstrated no such capability. 
Alternaria alternata was not demonstrated to be pathogenic on germinating 
seed or seedlings of F. rubra. Curvularia qeniculata was the key c o~peti-
tive organis~ in the combination of Q. sorokiniana + f. geniculata. 
The addition of~- alternata to Q. sorokiniana or f. geniculata inhibited 
the pathogenicity of these two organisMs. Germination and emergence of 
~- rubra was inhibited by applications of ammonium sulfate or calcium 
2 _ 4 
nitrate at concentrations of 10 M and 10 M to the soil. While appli-
_ 3 
cations of 10 M ammonium sulfate or calcium nitrate did not inhibit 
_3 
establishment of£.. rubra, 10 ~1 ammonium sulfate or calcium nitrate 
2 
increased the pathogenicity of f. geniculata. Applications of 10 M 
ammonium sulfate to the soil increased the pathogenicity of Q. sorokiniana 
2 
as compared to 10 M calcium nitrate. 
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